WE CLAIM : 



K A method of detecting a nucleic acid having at least two portions 
comprising\ 

providing a type of nanoparticles having oligonucleotides attached thereto, the 
oligonucleotides Vi each nanoparticle having a sequence complementary to the sequence 
of at least two portions of the nucleic acid; 

contacting the nucleic acid and the nanoparticles under conditions effective to 
allow hybridization of thesoligonucleotides on the nanoparticles with the two or more 
portions of the nucleic acid;\nd 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

2. A method of detectk^ nucleic acid having at least two portions 
comprising: / 

contacting the nucleic acid fvith at least two types of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides on the first type of nanoparticles 
having a sequence complementary to a first portioh of the sequence of the nucleic acid, 
the oligonucleotides on the second type of nanoparticles having a sequence 
complementary to a second portion of the sequence okthe nucleic acid, the contacting 
taking place under conditions effective to allow hybridization of the oligonucleotides on 
the nanoparticles with the nucleic acid; and \ 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

3. The method of Claim 2 wherein the contacting conditions\include freezing 
and thawing. 

4. The method of Claim 2 wherein the contacting conditions includ£ heating. 
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5V The method of Claim 2 wherein the detectable change is observed on a 
solid surface. 



6. The method of Claim 2 wherein the detectable change is a color change 
observable with the naked eye. 



7. The method of Claim 6 wherein the color change is observed on a solid 



surface. 



8. The method of Claim 2 wherein the nanoparticles are made of gold. 

9. The method of Claii^^lwherein the oligonucleotides attached to the 
nanoparticles are labeled on their ends not attached to the nanoparticles with molecules 
that produce a detectable change upon hybridization of the oligonucleotides on the 
nanoparticles with the nucleic acid. 



10. The method of Claim 9 whereinVthe nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides^attached to the nanoparticles are 
labeled with fluorescent molecules. 



11. 



The method of Claim 2 wherein: 

the nucleic acid has a third portion located between the first and second 



een tr 



portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; andv 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking 
place under conditions effective to allow hybridization of the filler oligonucleotide with 
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the nupleic acid. 

The method of Claim 2 wherein the nucleic acid is viral RNA or DNA. 

13. \The method of Claim 2 wherein the nucleic acid is a gene associated with 
a disease. 

14. The mkhod of Claim 2 wherein the nucleic acid is a bacterial DNA. 

15. The method of Claim 2 wherein the nucleic acid is a fungal DNA. 



16. The method of Claim 2 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a stracturally-mod^ I natural or synthetic RNA, or a structurally- 
modified natural or synthetic DNA. I\ 

17. The method of Claim 2 wherein the nucleic acid is from a biological 

source. 



18. The method of Claim 2 whereii\the nucleic acid is a product of a 
polymerase chain reaction amplification. 

19. The method of Claim 2 wherein the nuclei^ acid is contacted with the first 
and second types of nanoparticles simultaneously. 

20. The method of Claim 2 wherein the nucleicyacid is contacted and 
hybridized with the oligonucleotides on the first type of nanoparticles before being 
contacted with the second type of nanoparticles. 



21. The method of Claim 20 wherein the first type of nanopatiicles is attached 



220 



to cTsubstrate. 



22. \ The method of Claim 2 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. 
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23. 

comprising: 



A method of detecting nucleic acid having at least two portions 



providing a substrate having a first type of nanoparticles attached thereto, 
10 the nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a fir^/portion of the sequence of a nucleic acid to be 
detected; 

contacting said nuclei c\acid with the nanoparticles attached to the 
substrate under conditions effective to^allo\y hybridization of the oligonucleotides on the 
1 5 nanoparticles with said nucleic acid; 

providing a second type of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to one or more other 
portions of the sequence of said nucleic acid; \ 

contacting said nucleic acid bound to theWbstrate with the second type of 
20 nanoparticles under conditions effective to allow hybridization of the oligonucleotides on 
the second type of nanoparticles with said nucleic acid; and 

observing a detectable change. 



24. The method of Claim 23 wherein the substrate has avplurality of types of 
25 nanoparticles attached to it in an array to allow for the detection of multiple portions of a 

single nucleic acid, the detection of multiple different nucleic acids, or berth. 

25. A method of detecting nucleic acid having at least Ysvo portions 
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comprising: 

\ providing a substrate having a first type of nanoparticles attached thereto, 
the nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion of the sequence of a nucleic acid to be 
detected; \ 

contacting said nucleic acid with the nanoparticles attached to the 
substrate under conditionWfective to allow hybridization of the oligonucleotides on the 
nanoparticles with said nucleic acid; 

providing a second type of nanoparticles having oligonucleotides attached 



sequence complementary to one or more other 



thereto, the oligonucleotides having^ 
portions of the sequence of said nuofigic acid; 

contacting said nuc/eic scid bound to the substrate with the second type of 
nanoparticles under conditions effective toSillow hybridization of the oligonucleotides on 
the second type of nanoparticles with said nucleic acid; 

providing a binding oligonucleotide having a selected sequence having at 
least two portions, the first portion being complementary to at least a portion of the 
sequence of the oligonucleotides on the second type ofnanoparticles; 

contacting the binding oligonucleotide with the second type of 
nanoparticles bound to the substrate under conditions effective to allow hybridization of 
the binding oligonucleotide to the oligonucleotides on the nanoparticles; 

providing a third type of nanoparticles having^oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to the sequence of a 
second portion of the binding oligonucleotide; 



contacting the third type of nanoparticles with the binding oligonucleotide 
bound to the substrate under conditions effective to allow hybridization of the binding 
oligonucleotide to the oligonucleotides on the nanoparticles; and 

observing a detectable change. 
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v 26. The method of Claim 25 wherein the substrate has a plurality of types of 
nanopartfcles attached to it in an array to allow for the detection of multiple portions of a 
single nuclei^ acid, the detection of multiple different nucleic acids, or both. 
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27. ANjiethod of detecting nucleic acid having at least two portions 
comprising: 

contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached ^ereto, the oligonucleotides having a sequence complementary 
to a first portion of the seqiWce of said nucleic acid, the contacting taking place under 
10 conditions effective to allow hybridization of the oligonucleotides on the substrate with 
said nucleic acid; 

contacting said nucle^acid bound to the substrate with a first type of 
nanoparticles having one or more #p^k of oligonucleotides attached thereto, at least one 
of the types of oligonucleotides having a sequence complementary to a second portion of 
15 the sequence of said nucleic acid, the contacting taking place under conditions effective 
to allow hybridization of the oligonucleotides ok the nanoparticles with said nucleic acid; 

contacting the first type of nanoparticles bound to the substrate with a 
second type of nanoparticles having oligonucleotides attached thereto, the 
oligonucleotides on the second type of nanoparticles^having a sequence complementary 
20 to at least a portion of the sequence of one of the type\of oligonucleotides on the first 
type of nanoparticles, the contacting taking place underVonditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 
observing a detectable change. 



25 28. The method of Claim 27 wherein the first type of nanoparticles has only one 

type of oligonucleotides attached thereto, the oligonucleotides having a sequence 
complementary to the second portion of the sequence of said nucleic acid and to at least a 
portion of the sequence of the oligonucleotides on the second type of nanoparticles. 
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2^ The method of Claim 28 further comprising contacting the second type of 
nanoparticle^bound to the substrate with the first type of nanoparticles, the contacting 
taking place under conditions effective to allow hybridization of the oligonucleotides on 
the first and seconcktypes of nanoparticles. 



30. The method\f Claim 27 wherein the first type of nanoparticles has at least 
two types of oligonucleotides attached thereto, the first type of oligonucleotides having a 
sequence complementary to tn& second portion of the sequence of said nucleic acid, and 
the second type of oligonucleotides having a sequence complementary to the sequence of 
at least a portion of the oligonucleotides on the second type of nanoparticles. 



31. The method of Claim 30 SWtier comprising contacting the second type of 
nanoparticles bound to the substrate yith'me first type of nanoparticles, the contacting 
taking place under conditions effective to allo^/ hybridization of the oligonucleotides on 
the first and second types of nanoparticles. 



32. The method of Claim 27 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow fonthe detection of multiple portions 
of a single nucleic acid, the detection of multiple differenmucleic acids, or both. 

33. The method of any one of Claims 23-32 ^herein the substrate is a 
transparent substrate or an opaque white substrate. 

34. The method of Claim 33 wherein the detectable change is the formation of 
dark areas on the substrate. 



35. The method of any one of Claims 23-32 wherein the hanoparticles are 
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mac^e of gold. 

The method of any one of Claims 23-32 wherein the substrate is contacted 
with silver^stain to produce the detectable change. 

37. The method of any one of Claims 23-32 wherein the detectable change is 
observed with an optical scanner. 

38. A metftpd of detecting nucleic acid having at least two portions 
comprising: 

contacting ^. nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to a first portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hyb\jdizj$on of the oligonucleotides on the substrate with 
said nucleic acid; 

contacting said njfcl£& acid bound to the substrate with a type of 
nanoparticles having oligonucleotides ^attached thereto, the oligonucleotides having a 
sequence complementary to a second portion of the sequence of said nucleic acid, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the nanoparticles with saia nucleic acid; 

contacting the substrate with sitter stain to produce a detectable change; 

and 

observing the detectable change. 

39. The method of Claim 38 wherein the nanoparticles are made of a noble metal. 

40. The method of Claim 39 wherein the nanoparticles are made of gold or silver. 
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4l\ The method of Claim 38 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions 
of a single nucleic acid, the detection of multiple different nucleic acids, or both. 



42. The method of any one of Claims 38-41 wherein the detectable change is 
observed with an opticakscanner. 



43. A method of detecting nucleic acid having at least two portions 
comprising: 

contacting a nucleic acid to be detected with a substrate having 
oligonucleotides attached thereto, ffle oligonucleotides having a sequence complementary 
to a first portion of the sequence of\aid nucleic acid, the contacting taking place under 
conditions effective to allow hybridiz^tic^of the oligonucleotides on the substrate with 
said nucleic acid; 

contacting said nuclei/ acicjf tiound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 



to a portion of the sequence of said nucleic gcid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the liposomes with 



\ 



said nucleic acid; 

contacting the liposomes bound to the substrate with a first type of 
nanoparticles having at least a first type oligonucleotidesSattached thereto, the first type of 
oligonucleotides having a hydrophobic group attached to the end not attached to the 
nanoparticles, the contacting taking place under conditionsVffective to allow attachment 
of the oligonucleotides on the nanoparticles to the liposomes^as a result of hydrophobic 
interactions; and 

observing a detectable change. 

44. A method of detecting nucleic acid having at\ least two portions 
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comprising 

\ contacting a nucleic acid to be detected with a substrate having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to a first portion of the sequence of said nucleic acid, the contacting taking place under 
5 conditions Sctive to allow hybridization of the oligonucleotides on the substrate with 
said nucleic acid\ 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to a portion of the sequence of said nucleic acid, the contacting taking place under 
10 conditions effective to allo\hybridization of the oligonucleotides on the liposomes with 
said nucleic acid; 

contacting the liposomes abound to the substrate with a first type of 
nanoparticles having at least a fost Wflonucleotides attached thereto, the first type of 
oligonucleotides having a hydrophotfeUoup attached to the end not attached to the 
1 5 nanoparticles, the contacting takmg VX»nder conditions effective to allow attachment 
of the oligonucleotides on the nanoparticle\to the liposomes as a result of hydrophobic 

interactions; \ 

contacting the first type of nanoparticles bound to the liposomes with a 

second type of nanoparticles having oligonucleotides attached thereto, 
20 the first type of nanoparticles having a second type of 

oligonucleotides attached thereto which have a sequence complementary to at least a 
portion of the sequence of the oligonucleotides on the second type of nanoparticles, 

the oligonucleotides on the second Vpe of nanoparticles having a 
sequence complementary to at least a portion of the sequence of the second type of 
25 oligonucleotides on the first type of nanoparticles, 

the contacting taking place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types^f nanoparticles; and 
observing a detectable change. 
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41 The method of Claim 43 or 44 wherein the substrate has a plurality of types 
of oligonucleotides attached to it in an array to allow for the detection of multiple 
portions of a single nucleic acid, the detection of multiple different nucleic acids, or both. 

46. The r^ethod of Claim 43 or 44 wherein the nanoparticles are made of gold. 

47. The method of Claim 43 or 44 wherein the substrate is contacted with 
silver stain to produce the detectable change. 

48. The method of ariv one $f Claims 43 or 44 wherein the detectable change 
is observed with an optical scanner^ 

49. A method of detecting nucleic acid having at least two portions 
comprising: \ 

providing a substrate having\ first type of nanoparticles attached thereto, 
the nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to a first portion of\the sequence of a nucleic acid to be 
detected; 

contacting said nucleic acid with Xhe nanoparticles attached to the 
substrate under conditions effective to allow hybridization of the oligonucleotides on the 
nanoparticles with said nucleic acid; \ 

providing an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types\of nanoparticles of the 
aggregate probe having oligonucleotides attached thereto which have a sequence 
complementary to a second portion of the sequence of said nucleic a^id; 
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\ contacting said nucleic acid bound to the substrate with the aggregate 
probe under\onditions effective to allow hybridization of the oligonucleotides on the 
aggregate probeVith said nucleic acid; and 
observing a detectable change. 

50. The methockof Claim 49 wherein the substrate has a plurality of types of 
nanoparticles attached to it\in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or both. 

51. A method of d^tectiag nucleic acid having at least two portions 
comprising: ySvl 

providing a subst/atevnaving oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; \ 

providing an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least on& of the types of nanoparticles of the 
aggregate probe having oligonucleotides attached thereto which have a sequence 
complementary to a second portion of the sequence of said nucleic acid; 

contacting said nucleic acid, the substrate and the aggregate probe under 
conditions effective to allow hybridization of said nucleic acid with the oligonucleotides 
on the aggregate probe and with the oligonucleotides on the substrate; and 

observing a detectable change. \ 

52. The method of Claim 51 wherein said nucleic\acid is contacted with the 
substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate, 
and said nucleic acid bound to the substrate is then contacted with the aggregate probe so 
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that said nucleic acid hybridizes with the oligonucleotides on the aggregate probe. 

53\ The method of Claim 51 wherein said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate prober and said nucleic acid bound to the aggregate probe is then contacted 
with the substrate\o that said nucleic acid hybridizes with the oligonucleotides on the 
substrate. \ 

54. The methockof Claim 51 wherein said nucleic acid is contacted 
simultaneously with the aggregate probe and the substrate. 

55. The method of Cto^^l^herein the substrate has a plurality of types of 
oligonucleotides attached to it in an^may to allow for the detection of multiple portions 
of a single nucleic acid, the detection of^hultiple different nucleic acids, or both. 

56. A method of detecting ^nucleic acid having at least two portions 
comprising: \ 

providing a substrate having oligonucleotides attached thereto; 

providing an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto}\the nanoparticles of the aggregate 
probe being bound to each other as a result of the^hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the 
aggregate probe having oligonucleotides attached thereto which have a sequence 
complementary to a first portion of the sequence of a nucleic ac^d to be detected; 

providing a type of nanoparticles having at least two types of 
oligonucleotides attached thereto, the first type of oligonucleotides having a sequence 
complementary to a second portion of the sequence of said nucleic\acid, the second type 
of oligonucleotides having a sequence complementary to at leak a portion of the 
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^guence of the oligonucleotides attached to the substrate; 

contacting said nucleic acid, the aggregate probe, the nanoparticles and the 
substrain the contacting taking place under conditions effective to allow hybridization of 
said nuclek acid with the oligonucleotides on the aggregate probe and on the 
nanoparticles ahd hybridization of the oligonucleotides on the nanoparticles with the 
oligonucleotides onsthe substrate; and 

observn^g a detectable change. 

57. The method o\ciaim 56 wherein said nucleic acid is contacted with the 
10 aggregate probe and the naq^ajrticles so that said nucleic acid hybridizes with the 

oligonucleotides on the a^egate probe and with the oligonucleotides on the 
nanoparticles, and said nucleic acid \ound to the aggregate probe and nanoparticles is 
then contacted with the substrate so that the oligonucleotides on the nanoparticles 
hybridize with the oligonucleotides on the substrate. 

15 

58. The method of Claim 56 wherein\said nucleic acid is contacted with the 
aggregate probe so that said nucleic acid hybrimzes with the oligonucleotides on the 
aggregate probe, said nucleic acid bound to the aggregate probe is then contacted with the 
nanoparticles so that said nucleic acid hybridizes wtith the oligonucleotides on the 

20 nanoparticles, and said nucleic acid bound to the aggregate probe and nanoparticles is 
then contacted with the substrate so that the oligonucleotides on the nanoparticles 
hybridize with the oligonucleotides on the substrate. 



59. The method of Claim 56 wherein said nucleic acid is contacted with the 
25 aggregate probe so that said nucleic acid hybridizes with the oligonucleotides on the 
aggregate probe, the nanoparticles are contacted with the substrate so that the 
oligonucleotides on the nanoparticles hybridize with the oligonucleotides on the 
substrate, and said nucleic acid bound to the aggregate probe is then contacted with the 
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Wioparticles bound to the substrate so that said nucleic acid hybridizes with the 
oligonucleotides on the nanoparticles. 

60\ The method of Claim 56 wherein the substrate has the oligonucleotides 
attached to inn an array to allow for the detection of multiple portions of a single nucleic 
acid, the detection of multiple different nucleic acids, or both. 

61. The method of any one of Claims 49-60 wherein the substrate is a 
transparent substrate or an opaque white substrate. 

62. The method of Claim 61 wherein the detectable change is the formation of 
dark areas on the substrate. \ 

63. The method of any one of Glaims 49-60 wherein the nanoparticles in the 
aggregate probe are made of gold. \ 

64. The method of any one of Claims 49^60 wherein the substrate is contacted 
with a silver stain to produce the detectable change. \ 

65. The method of any one of Claims 49-60 wh^dn the detectable change is 
observed with an optical scanner. \ 

66. A method of detecting nucleic acid having at ihast two portions 
comprising: \ 

contacting a nucleic acid to be detected with a subsfrate having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to a first portion of the sequence of said nucleic acid, the contacting taking placte under 
conditions effective to allow hybridization of the oligonucleotides on the substrat^vith 
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sa(d nucleic acid; 

contacting said nucleic acid bound to the substrate with liposomes having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to a portion of the sequence of said nucleic acid, the contacting taking place under 
conditions effective to allow hybridization of the oligonucleotides on the liposomes with 
said nucleic acid; s 

providing an aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto, the nanoparticles of the aggregate 
probe being bound to €*ch other as a result of the hybridization of some of the 
oligonucleotides attached to\them, at least one of the types of nanoparticles of the 
aggregate probe having oligonucleotides attached thereto which have a hydrophobic 
group attached to the end not attacWdo the nanoparticles; 

contacting the liposomes bound to the substrate with the aggregate probe 
under conditions effective to allow attabhment of the oligonucleotides on the aggregate 
probe to the liposomes as a result of hydrophobic interactions; and 

observing a detectable change. 

67. The method of Claim 66 wherein the nahpparticles in the aggregate probe are 
made of gold. 

68. The method of Claim 66 wherein the substrate i\contacted with a silver stain 
to produce the detectable change. 



69. The method of Claim 66 wherein the substrate has aNplurality of types of 
25 oligonucleotides attached to it in an array to allow for the detection of multiple portions 

of a single nucleic acid, the detection of multiple different nucleic acids, or both. 

70. A method of detecting nucleic acid having at least two portions 



233 



composing: 

providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to bfe^etected; 

prowling a core probe comprising at least two types of nanoparticles, each 
type of nanoparticles having oligonucleotides attached thereto which are complementary 
to the oligonucleotides on at least one of the other types of nanoparticles, the 
nanoparticles of the aggregate probe being bound to each other as a result of the 
hybridization of the oligonucleotides attached to them; 

providing a type of nanoparticles having two types of oligonucleotides 
attached thereto, the first type of oligonudeotides having a sequence complementary to a 
second portion of the sequence of said nufiiiic acid, the second type of oligonucleotides 
having a sequence complementary to a^offitfn of the sequence of the oligonucleotides 
attached to at least one of the types of nanoparticles of the core probe; 

contacting said nucleic acid, the nanbparticles, the substrate and the core 
probe under conditions effective to allow hybridizatW of said nucleic acid with the 
oligonucleotides on the nanoparticles and with the oligonucleotides on the substrate and 
to allow hybridization of the oligonucleotides on tne nanoparticles with the 
oligonucleotides on the core probe; and \ 

observing a detectable change. \ 

71. The method of Claim 70 wherein said nucleic acid is (Wacted with the 
substrate so that said nucleic acid hybridizes with the oligonucleotides oto the substrate, 
and said nucleic acid bound to the substrate is then contacted with the nanoparticles so 
that said nucleic acid hybridizes with the oligonucleotides on the nanoparticles, and the 
nanoparticles bound to said nucleic acid are contacted with the core probe so\that the 
oligonucleotides on the core probe hybridize with the oligonucleotides oki the 
nanoparticles. \ 
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The method of Claim 70 wherein said nucleic acid is contacted with the 
nanoparticlbs so that said nucleic acid hybridizes with the oligonucleotides on the 
nanoparticles,\aid nucleic acid bound to the nanoparticles is then contacted with the 
substrate so that skid nucleic acid hybridizes with the oligonucleotides on the substrate, 
5 and the nanoparticles^bound to said nucleic acid are contacted with the core probe so that 
the oligonucleotides on\the core probe hybridize with the oligonucleotides on the 
nanoparticles. 

73. A method of ducting nucleic acid having at least two portions 
10 comprising: 

providing a substrate /Wing oligonucleotides attached thereto, the 
oligonucleotides having a sequence c<*mpl|^entary to a first portion of the sequence of a 
nucleic acid to be detected; 

providing a core probe comprising^ least two types of nanoparticles, each 
15 type of nanoparticles having oligonucleotides attached thereto which are complementary 
to the oligonucleotides on at least one other type of nanoparticles, the nanoparticles of the 
aggregate probe being bound to each other as a result of the hybridization of the 
oligonucleotides attached to them; 

providing a type of linking oligonucleotides comprising a sequence 
20 complementary to a second portion of the sequence of said nucleic acid and a sequence 
complementary to a portion of the sequence of the oligonucleotides attached to at least 
one of the types of nanoparticles of the core probe; 

contacting said nucleic acid, the linking oligonucleotides, the substrate and 
the core probe under conditions effective to allow hybridization of said kicleic acid with 
25 the linking oligonucleotides and with the oligonucleotides on the substrate and to allow 
hybridization of the oligonucleotides on the linking oligonucleotides with the 
oligonucleotides on the core probe; and 

observing a detectable change. 
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>(4. The method of any one of Claims 70-73 wherein the substrate has a plurality 
of types of oligonucleotides attached to it in an array to allow for the detection of 
multiple portions of a single nucleic acid, the detection of multiple different nucleic 
acids, or both. \ 

75. The method of any one of Claims 70-73 wherein the substrate is a 
transparent substrate or an cinaque white substrate. 

76. The method of Cfeim 76 wherein the detectable change is the formation of 
dark areas on the substrate. \ 

77. The method of any one ofyCwns 70-73 wherein the nanoparticles in the core 
probe are made of gold. / / \ 

78. The method of any one of Claims 7^73 wherein the substrate is contacted 
with a silver stain to produce the detectable change. \ 

79. The method of any one of Claims 70-73 therein the detectable change is 
observed with an optical scanner. \ 

80. A method of detecting a nucleic acid having^ at least two portions 
comprising: \ 

providing nanoparticles having oligonucleotides attached thereto; 

providing one or more types of binding oligonucleotides, each of the 
binding oligonucleotides having two portions, the sequence of one\portion being 
complementary to the sequence of one of the portions of the nucleic Vcid and the 
sequence of the other portion being complementary to the sequenbe of the 
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oligonucleotides on the nanoparticles; 

\ contacting the nanoparticles and the binding oligonucleotides under 
conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with the binding\ligonucleotides; 

contacting the nucleic acid and the binding oligonucleotides under 
conditions effective tk allow hybridization of the binding oligonucleotides with the 
nucleic acid; and \ 

observing a detectable change. 

81. The method of Claita 80 wherein the nanoparticles are contacted with the 
binding oligonucleotides prior to beink contacted with the nucleic acid. 

82. A method of detecting ^s^Jleic acid having at least two portions 

comprising: / 

providing nanoparticles havingforigonucleotides attached thereto; 

providing one or more binding Oligonucleotides, each of the binding 
oligonucleotides having two portions, the sequence V one portion being complementary 
to the sequence of at least two portions of the nucleic add and the sequence of the other 
portion being complementary to the sequence of\the oligonucleotides on the 
nanoparticles; \ 

contacting the nanoparticles and the bindmg oligonucleotides under 
conditions effective to allow hybridization of the oligonucleotides on the nanoparticles 
with the binding oligonucleotides; \ 

contacting the nucleic acid and the binding oligonucleotides under 
conditions effective to allow hybridization of the binding oligonucleotides with the 
nucleic acid; and \ 

observing a detectable change. \ 
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83. \ A method of detecting nucleic acid having at least two portions 
comprising: \ 

contacting\the nucleic acid with at least two types of particles having 
oligonucleotides attached thereto, 

the oligonucleotides on the first type of particles having a sequence 
complementary to a first portion of the sequence of the nucleic acid and being labeled 
with an energy donor, \ 

the oligonucleotides ok the second type of particles having a sequence 
complementary to a second portiorkof the sequence of the nucleic acid and being labeled 
with an energy acceptor, \ 

the contacting taking place un<W conditions effective to allow hybridization of 
the oligonucleotides on the particles with the nucleic acid; and 

observing a detectable change \fflght about by hybridization of the 
oligonucleotides on the particles with the n/cleft; acid. 

84. The method of Claim 83 wherein\the energy donor and acceptor are 
fluorescent molecules. \ 

85. A method of detecting nucleic acid tiaving at least two portions 

comprising: \ 

providing a type of microspheres having oligonucleotides attached thereto, 
the oligonucleotides having a sequence complementary to a firstf portion of the sequence 
of the nucleic acid and being labeled with a fluorescent moleculeA 

providing a type of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides having a sequence complementary to a secbnd portion of the 
sequence of the nucleic acid, nanoparticles being capable of prodding a detectable 

change; \ 

contacting the nucleic acid with the microspheres and thfe nanoparticles 
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under conditions effective to allow hybridization of the oligonucleotides on the 
microspheres and on the nanoparticles with the nucleic acid; and 

observing a change in fluorescence, another detectable change produced 
by the nanopatticles, or both. 
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86. TheNnethod of Claim 85 wherein the detectable change produced by the 
nanoparticles is a change in color. 

87. The method ofsClaim 85 wherein the microspheres are latex microspheres 
10 and the nanoparticles are gold^ianoparticles, and changes in fluorescence, color or both 

are observed. 

88. The method of Claim\7 further comprising placing a portion of the 
mixture of the latex microspheres, nafrot$rticles and nucleic acid in an observation area 

15 located on a microporous material, treMinWme microporous material so as to remove any 
unbound gold nanoparticles from the observation area, and then observing the changes in 
fluorescence, color, or both. 



89. A method of detecting nucleic acfd having at least two portions 
20 comprising: 

providing a first type of metallic or semiconductor nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides havinga sequence complementary 
to a first portion of the sequence of the nucleic acid and being\^abeled with a fluorescent 
molecule; 

25 providing a second type of metallic or semiconductor nanoparticles having 

oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to a second portion of the sequence of the nucleic acid and being labeled with a 
fluorescent molecule; 
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\ contacting the nucleic acid with the two types of nanoparticles under 

conditions effective to allow hybridization of the oligonucleotides on the two types of 
nanoparlicles with the nucleic acid; and 

\ observing changes in fluorescence. 

90. The\method of Claim 89 further comprising placing a portion of the 
mixture of the nanoWticles and nucleic acid in an observation area located on a 
microporous material, treating the microporous material so as to remove any unbound 
nanoparticles from the obserWtion area, and then observing the changes in fluorescence. 

91. A method of detecting nucleic acid having at least two portions 
comprising: /a 

providing a type of panicle having oligonucleotides attached thereto, the 
oligonucleotides having a first portion akl a second portion, both portions being 
complementary to portions of the sequence of the nucleic acid; 

providing a type of probe oligonucleotides comprising a first portion and a 
second portion, the first portion having a sequencecomplementary to the first portion of 
the oligonucleotides attached to the particles and botHSportions being complementary to 
portions of the sequence of the nucleic acid, the prob^voligonucleotides further being 
labeled with a reporter molecule at one end; \ 

contacting the particle and the probe oligonucleotides under conditions 
effective to allow for hybridization of the oligonucleotides on theSparticles with the probe 
oligonucleotides to produce a satellite probe; 

then contacting the satellite probe with the nucleic acid under conditions 
effective to provide for hybridization of the nucleic acid with the probe oljgonucleo tides; 

removing the particles; and 

detecting the reporter molecule. 
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92. The method of Claim 91 wherein the particles are magnetic and the 
reporter moWule is a fluorescent molecule. 

93. The\pethod 0 f Claim 91 wherein the particles are magnetic and the 
reporter molecule is a ^ye molecule. 

94. The method\>f Claim 91 wherein the particles are magnetic and the 
reporter molecule is a redox-actlve molecule. 

95. A kit comprising ak least one container, the container holding a 
composition comprising at least two Vpesrfof nanoparticles having oligonucleotides 
attached thereto, the oligonucleotides on im^wst type of nanoparticles having a sequence 
complementary to the sequence of a fim portion of a nucleic acid, the oligonucleotides 
on the second type of nanoparticles having a sequence complementary to the sequence of 
a second portion of the nucleic acid. \ 

96. The kit of Claim 95 wherein the composition in the container further 
comprises a filler oligonucleotide having a sequence complementary to a third portion of 
the nucleic acid, the third portion being located between the first and second portions. 

97. The kit of Claim 95 wherein the nanoparticles are made of gold. 

98. The kit of Claim 95 further comprising a solid surfaceX 

99. A kit comprising at least two containers, \ 

the first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a first portion of a 
nucleic acid, and \ 

241 \ 



1=2; 



D 



si 
m 

a 

PJ 

Ires' 

M 

b 



10 



15 



20 



the second container holding nanoparticles having oligonucleotides 
attachedNhereto which have a sequence complementary to the sequence of a second 
portion of tlife nucleic acid. 

100. Thk kit of Claim 99 comprising a third container holding oligonucleotides 
having a sequence complementary to a third portion of the nucleic acid, the third portion 
being located between tte first and second portions. 

101. The kit of Claim 99 wherein the nanoparticles are made of gold. 

1 02 . The kit of Claim 99 v fiirthe j) f comprising a solid surface. 

1 03 . A kit comprising at lea& Nyo containers, 
the first container hdlaing iianoparticles having oligonucleotides attached 

thereto which have a sequence complementary to the sequence of a first portion of a 
binding oligonucleotide, and 

the second container holding\one or more types of binding 
oligonucleotides, each of which has a sequence comprising at least two portions, the first 
portion being complementary to the sequence of the oligonucleotides on the nanoparticles 
and the second portion being complementary to the sequence of a portion of a nucleic 
acid. 



104. The kit of Claim 103 which comprises additional containers, each holding 
an additional binding oligonucleotide, each additional binding oligonucleotide having a 
25 sequence comprising at least two portions, the first portion beingYomplementary to the 
sequence of the oligonucleotides on the nanoparticles and the setond portion being 
complementary to the sequence of another portion of the nucleic acid. 
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The kit of Claim 103 wherein the nanoparticles are made of gold. 



106. 



: kit of Claim 103 further comprising a solid surface. 



1 07. A kit comprising: 
a containe\holding one type of nanoparticles having oligonucleotides 

attached thereto and one or mpre types of binding oligonucleotides, each of the types of 
binding oligonucleotides having\a sequence comprising at least two portions, the first 
portion being complementary tck the sequence of the oligonucleotides on the 
nanoparticles, whereby the bindihg oligonucleotides are hybridized to the 
oligonucleotides on the nanoparticles, andvthe second portion being complementary to the 
sequence of one or more portions of a nucleiaimd. 

108. A kit comprising at least one contamer, the container holding metallic or 
semiconductor nanoparticles having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary tcXa portion of a nucleic acid and 
having fluorescent molecules attached to the ends of the oligonucleotides not attached to 
the nanoparticles. 

1 09. A kit comprising: 
a substrate, the substrate having attached thereto nanoparticles, the 

nanoparticles having oligonucleotides attached thereto which Njave a sequence 
complementary to the sequence of a first portion of a nucleic acid; and 

a first container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 
nucleic acid. 



1 10. The kit of Claim 1 09 further comprising: 
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\ a second container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the seauence of the oligonucleotides on the nanoparticles in the first container; 
and \ 

a thirckcontainer holding nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides having a sequence complementary to the sequence of a 
second portion of the binding oligonucleotide. 

111. A kit comprising at least three containers : 
the first container holding nanoparticles; 

the second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a firsrportion of a nucleic acid; and 

the third container holdimnffl second oligonucleotide having a sequence 
complementary to the sequence of a secjmaMrtion of the nucleic acid. 

1 12. The kit of Claim 1 1 1 further composing a fourth container holding a third 
oligonucleotide having a sequence complementary to the sequence of a third portion of 
the nucleic acid, the third portion being located betwee\ the first and second portions. 

113. The kit of Claim 1 1 1 further comprising a substrate. 

1 14. The kit of Claim 113 further comprising: \ 

a fourth container holding a binding oligonucleotide having a selected 
sequence having at least two portions, the first portion being complementary to at least a 
portion of the sequence of the second oligonucleotide; and \ 

a fifth container holding an oligonucleotide having a sequence 
complementary to the sequence of a second portion of the binding oligonucleotide. 



244 



\l 15. The kit of Claim 1 1 1 wherein the oligonucleotides, nanoparticles, or both 
bear functional groups for attachment of the oligonucleotides to the nanoparticles. 

116. Tshe kit of Claim 113 wherein the substrate, nanoparticles, or both bear 
functional groups W attachment of the nanoparticles to the substrate. 

117. The kit ofClaim 1 13 wherein the substrate has nanoparticles attached to it. 

118. The kit of Claimsl 1 1 wherein the nanoparticles are made of gold. 

119. A kit comprising: \ 

a substrate having oligonucleotides attached thereto which have a 
sequence complementary to the sequenceroi Ja first portion of a nucleic acid; 

a first container holding^anoparticles having oligonucleotides attached 
thereto, some of which have a sequence complementary to the sequence of a second 
portion of the nucleic acid; and \ 

a second container holding nanoparticles having oligonucleotides attached 
thereto which have a sequence complementary to at ifeast a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in the first\container. 

120. A kit comprising: \ 

a substrate; \ 

a first container holding nanoparticles; \ 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; \ 

a third container holding a second oligonucleotide Waving a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 

a fourth container holding a third oligonucleotide havirig a sequence 
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tfamplementary to at least a portion of the sequence of the second oligonucleotide. 

t21. The kit of Claim 120 wherein the oligonucleotides, nanoparticles, 
substrate ok all bear functional groups for attachment of the oligonucleotides to the 
nanoparticles ok for attachment of the oligonucleotides to the substrate. 

1 22. The kh\of Claim 1 20 wherein the nanoparticles are made of gold. 

123. A kit compiling: 

a substrate haying oligonucleotides attached thereto which have a 
sequence complementary to the sequence of a first portion of a nucleic acid; 

a first container holding liposomes having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 

nucleic acid; and // T \ 

a second container^ioldiAg nanoparticles having at least a fust type of 
oligonucleotides attached thereto, the first type Of oligonucleotides having a hydrophobic 
group attached to the end not attached to the nanoparticles. 

1 24. The kit of Claim 1 23 wherein: \ 

the nanoparticles in the second container have a second type of 
oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: \ 

a third container holding a second type of rttaoparticles having 
oligonucleotides attached thereto, the oligonucleotides having a sequence complementary 
to at least a portion of the sequence of the second type of oligonucleotides on the first 
type of nanoparticles. \ 
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1^25 . A kit comprising: 

a substrate, the substrate having attached thereto nanoparticles, the 
nanoparticleV having oligonucleotides attached thereto which have a sequence 
complementary*^ the sequence of a first portion of a nucleic acid; and 
5 a first container holding an aggregate probe comprising at least two types 

of nanoparticles having oligonucleotides attached thereto, the nanoparticles of the 
aggregate probe being b^und to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the 
aggregate probe having oligonucleotides attached thereto which have a sequence 
10 complementary to a second portion of the sequence of the nucleic acid. 




126. A kit comprising: 
a substrate, the substrarainaving oligonucleotides attached thereto, the 

p. oligonucleotides having a sequence c€to^^entary to the sequence of a first portion of a 

pj 

p 15 nucleic acid; and 

SI a first container holding an aggregate probe comprising at least two types 

D \ 

\1 of nanoparticles having oligonucleotides attached thereto, the nanoparticles of the 

aggregate probe being bound to each other as a result^f the hybridization of some of the 
oligonucleotides attached to them, at least one of fl^e types of nanoparticles of the 
20 aggregate probe having oligonucleotides attached thereto which have a sequence 
complementary to a second portion of the sequence of the nucleic acid. 

127. The kit of Claim 126 wherein the substrate hafc a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions 

25 of a single nucleic acid, the detection of multiple different nucleic aci^s, or both. 

128. A kit comprising: 
a substrate having oligonucleotides attached thereto; 
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a first container holding an aggregate probe comprising at least two types 
of nanoparticles having oligonucleotides attached thereto, the nanoparticles of the 
aggregate probebeing bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the 
5 aggregate probe having oligonucleotides attached thereto which have a sequence 
complementary to a first portion of the sequence of the nucleic acid; and 

a second container holding nanoparticles having at least two types of 
oligonucleotides attached thereV the first type of oligonucleotides having a sequence 
complementary to a second portioW the sequence of the nucleic acid, and the second 
10 type of oligonucleotides having a sequence complementary to at least a portion of the 
sequence of the oligonucleotides attachedyto the substrate. 

129. A kit comprising: 

a substrate, the substrate havinb oligonucleotides attached thereto, the 
1 5 oligonucleotides having a sequence complementary^ the sequence of a first portion of a 
nucleic acid; 

a first container holding liposomes \aving oligonucleotides attached 
thereto which have a sequence complementary to the seqti^nce of a second portion of the 
nucleic acid; and 

20 a second container holding an aggregate probe comprising at least two 

types of nanoparticles having oligonucleotides attached thereto\ the nanoparticles of the 
aggregate probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of\nanoparticles of the 
aggregate probe having oligonucleotides attached thereto which Have a hydrophobic 

25 group attached to the end not attached to the nanoparticles. 



130. The kit of any one of Claims 125-129 wherein the >u bstrate is a 
transparent substrate or an opaque white substrate. 



248 



DJ. The kit of any one of Claims 125-129 wherein the nanoparticles of the 
aggregate pM>e are made of gold. 

132. A Kit comprising at least three containers : 
the flra container holding nanoparticles; 

the second container holding a first oligonucleotide having a sequence 
complementary to the sequWice of a first portion of a nucleic acid; and 

the third conminer holding a second oligonucleotide having a sequence 
complementary to the sequence a second portion of the nucleic acid. 

133. The kit of Claim 132 farther comprising a fourth container holding a third 
oligonucleotide having a sequence cpqclementary to the sequence of a third portion of 
the nucleic acid, the third portion being ljooated between the first and second portions. 

134. The kit of Claim 132 further comprising a substrate. 

135. The kit of Claim 1 34 further comprising: 

a fourth container holding a binding^ oligonucleotide having a selected 
sequence having at least two portions, the first portionWng complementary to at least a 
portion of the sequence of the second oligonucleotide; andv 

a fifth container holding an oligonucleotide having a sequence 
complementary to the sequence of a second portion of the bindmg oligonucleotide. 

136. The kit of Claim 132 wherein the oligonucleotidesKnanoparticles, or both 
bear functional groups for attachment of the oligonucleotides to the nimoparticles. 

137. The kit of Claim 134 wherein the substrate, nanoparticles, or both bear 
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fictional groups for attachment of the nanoparticles to the substrate. 

13k The kit of Claim 1 34 wherein the substrate has nanoparticles attached to it. 

139. Th\kit of Claim 1 32 wherein the nanoparticles are made of gold. 

140. A kit composing: 

a substratXaving oligonucleotides attached thereto which have a 
sequence complementary to theNsequence of a first portion of a nucleic acid; 

a first container Holding nanoparticles having oligonucleotides attached 
thereto, some of which have a seance, complementary to the sequence of a second 

portion of the nucleic acid; and YJ 

a second container holtfngLnoparticles having oligonucleotides attached 
thereto which have a sequence complement^ to at least a portion of the sequence of the 
oligonucleotides attached to the nanoparticles in\foe first container. 

141. A kit comprising: \ 

a substrate; \ 
a first container holding nanoparticles; \ 

a second container holding a first oligonucleotide having a sequence 
complementary to the sequence of a first portion of a nucleic acid; 

a third container holding a second oligonucleotide having a sequence 
complementary to the sequence of a second portion of the nucleic acid; and 

a fourth container holding a third oligonucleotide having a sequence 
complementary to at least a portion of the sequence of the second oligonucleotide. 

142. The kit of Claim 141 wherein the oligonucleotides, nanoparticles, 
substrate or all bear functional groups for attachment of the oligonucleotides to the 
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Wioparticles or for attachment of the oligonucleotides to the substrate. 

\l 43 . The kit of Claim 1 4 1 wherein the nanoparticles are made of gold. 

144. \ A kit comprising: 

\ substrate having oligonucleotides attached thereto which have a 
sequence complementary to the sequence of a first portion of a nucleic acid; 

a firstVontainer holding liposomes having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of a second portion of the 

nucleic acid; and \ 

a second container holding nanoparticles having at least a first type of 
oligonucleotides attached mereto,Wffrst type of oligonucleotides having a hydrophobic 
group attached to the end not attaclfcoJo the nanoparticles. 

145. The kit of Claim 144 where^ 
the nanoparticles in the second container have a second type of 

oligonucleotides attached thereto, the second type of oligonucleotides having a sequence 
complementary to the sequence of the oligonucleotides on a second type of nanoparticles; 
and the kit further comprises: 

a third container holding a seconck type of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides haMng a sequence complementary 
to at least a portion of the sequence of the second type oligonucleotides on the first 
type of nanoparticles. 



146. A kit comprising at least two containers, 

the first container holding particles having oligonucleotides attached 
thereto which have a sequence complementary to the sequence of aM portion of a 
nucleic acid, the oligonucleotides being labeled with an energy donor ota the ends not 
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attached to the particles, 

the second container holding particles having oligonucleotides attached 
thereto\hich have a sequence complementary to the sequence of a second portion of a 
nucleic achi the oligonucleotides being labeled with an energy acceptor on the ends not 
attached to the^particles. 

147. The\t of Claim 146 wherein the energy donor and acceptor are 
fluorescent molecules. 

148. A kit comprising at least one container, the container holding a first type 
of particles having oligonucleotides attached thereto which have a sequence 



portion of a nucleic acid, the oligonucleotides 
ends not attached to the particles, and a second 
attached thereto which have a sequence 
complementary to the sequence of a second portion of a nucleic acid, the oligonucleotides 
being labeled with an energy acceptor on the end\not attached to the particles. 



complementary to the sequence of av^m, 
being labeled with an energy donor o 
type of particles having oligonucl/oti 



149. The kit of Claim 148 wherein the\energy donor and acceptor are 
fluorescent molecules. 



150. A kit comprising: 

a first container holding a type of microspheres\having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion 
of the sequence of a nucleic acid and being labeled with a fluorescentWolecule; and 

a second container holding a type of nanoparticles havirig oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a second 
portion of the sequence of the nucleic acid. 
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\ 151. The kit of Claim 150 wherein the microspheres are latex microspheres and 
the nanoparticles are gold nanoparticles. 

152. \The kit of Claim 150 further comprising a microporous material. 

153. A kir^omprising: 

a first container holding a first type of metallic or semiconductor 
nanoparticles having oligonucleotides attached thereto, the oligonucleotides having a 
sequence complementary to V first portion of the sequence of a nucleic acid and being 
labeled with a fluorescent molecule; and 

a second container\olding a second type of metallic or semiconductor 
nanoparticles having oligonucleotide^Mtached thereto, the oligonucleotides having a 
sequence complementary to a seconcypoffiion of the sequence of a nucleic acid and being 
labeled with a fluorescent molecule/ |\ 

1 54. The kit of Claim 1 53 further comprising a microporous material. 

155. A kit comprising a container holding\a satellite probe, the satellite probe 

comprising: \ 

a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both\portions having sequences 
complementary to portions of the sequence of a nucleic acid; and 

probe oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion akd a second portion, the 
first portion having a sequence complementary to the sequence of \he first portion of the 
oligonucleotides attached to the particles, both portions having sequences complementary 
to portions of the sequence of the nucleic acid, the probe oligonucleotides further having 
a reporter molecule attached to one end. \ 



253 



$6. A kit comprising a container holding an aggregate probe, the aggregate 
probe comprising at least two types of nanoparticles having oligonucleotides attached 
thereto, the naXarticles of the aggregate probe being bound to each other as a result of 
the hybridization o^ome of the oligonucleotides attached to them, at least one of the 
types of nanoparticleXof the aggregate probe having oligonucleotides attached thereto 
which have a sequence complementary to a portion of the sequence of a nucleic acid. 

157. A kit comprising^ container holding an aggregate probe, the aggregate 
probe comprising at least two typW nanoparticles having oligonucleotides attached 
thereto, the nanoparticles of the aggreWrobe being bound to each other as a result of 
the hybridization of some of the oligo^jleotides attached to them, at least one of the 
types of nanoparticles of the aggregate $rdbe having oligonucleotides attached thereto 
which have a hydrophobic group attached to theWd not attached to the nanoparticles. 

158. An aggregate probe, the aggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached thereto V nanoparticles of the aggregate 
probe being bound to each other as a result of theVbridization of some of the 
oligonucleotides attached to them, at least one of the tykes of nanoparticles of the 
aggregate probe having oligonucleotides attached thereto\vhich have a sequence 
complementary to a portion of the sequence of a nucleic acid. 

159. The aggregate probe of Claim 158 comprising two types of nanoparticles 
each having two types of oligonucleotides attached thereto, me first type of 
oligonucleotides attached to each type of nanoparticles having a sequenceVomplementary 
to a portion of the sequence of a nucleic acid, the second type of oligonucleotides 
attached to the first type of nanoparticles having a sequence complementary^ at least a 
portion of the sequence of the second type of oligonucleotides attached to the second type 
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ofcnanoparticles. 

1*0. The aggregate probe of Claim 158 comprising three types of nanoparticles 
having oligonucleotides attached thereto, the oligonucleotides attached to the first type of 
nanoparticles Having a sequence complementary to at least a portion of the sequence of 
the oligonucleotides attached to the second type of nanoparticles, the oligonucleotides 
attached to the secon\type of nanoparticles having a sequence complementary to at least 
a portion of the sequence of the oligonucleotides attached to the first type of 
nanoparticles, and the thirdOype of nanoparticles having two types of oligonucleotides 
attached thereto, the first typeV oligonucleotides having a sequence complementary to a 
portion of the sequence of a nucleic acid, and the second type of oligonucleotides having 
a sequence complementary to at least a portion of the sequence of the oligonucleotides 
attached to the first or second type of nanoparticles. 

161. An aggregate probe, disaggregate probe comprising at least two types of 
nanoparticles having oligonucleotides attached, thereto, the nanoparticles of the aggregate 
probe being bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them, at least one of the types of nanoparticles of the 
aggregate probe having oligonucleotides attached\hereto which have a hydrophobic 
group attached to the end not attached to the nanoparticles. 

162. A kit comprising a container holding a\core probe, the core probe 
comprising at least two types of nanoparticles having oligonucleotides attached thereto, 
the nanoparticles of the core probe being bound to eachVtfher as a result of the 
hybridization of some of the oligonucleotides attached to them. \ 

163. The kit of Claim 162 further comprising a substrate having oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary to a first portion 
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o^the sequence of a nucleic acid to be detected. 

54. The kit of Claim 162 or 163 further comprising a container holding a type of 
nanoparticles having two types of oligonucleotides attached thereto, the first type of 
oligonucleotides having a sequence complementary to a second portion of the nucleic 
acid, and the second type of oligonucleotides having sequence complementary to a 
portion of the sequence of the oligonucleotides attached to at least one of the types of 
nanoparticles of the coreWibe. 



165. The kit of Clamkl62 or 163 further comprising a container holding a type 
of linking oligonucleotides comprising a sequence complementary to a second portion of 



the sequence of the nucleic acid 
sequence of the oligonucleotides ai 
the core probe. 




a sequence complementary to a portion of the 
to at least one of the types of nanoparticles of 



166. A core probe comprising at lea^ two types of nanoparticles having 
oligonucleotides attached thereto, the nanoparticles qfthe core probe being bound to each 
other as a result of the hybridization of some of the oligonucleotides attached to them. 



167. A substrate having nanoparticles attached thereto. 

168. The substrate of Claim 167 wherein the nanoparticles have 
oligonucleotides attached thereto which have a sequence complementary to the sequence 
of a first portion of a nucleic acid. 

169. A metallic or semiconductor nanoparticle having oligonucleotides 
attached thereto, the oligonucleotides being labeled with fluorescent molecules at the 
ends not attached to the nanoparticle. 
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\l70. A satellite probe comprising: 

\ a particle having attached thereto oligonucleotides, the oligonucleotides 
having a first portion and a second portion, both portions having sequences 
complementary^ portions of the sequence of a nucleic acid; and 

prob\ oligonucleotides hybridized to the oligonucleotides attached to the 
nanoparticles, the probe oligonucleotides having a first portion and a second portion, the 
first portion having a sequence complementary to the sequence of the first portion of the 
oligonucleotides attached to\he particles, both portions having sequences complementary 
to portions of the sequence ofthe nucleic acid, the probe oligonucleotides further having 
a reporter molecule attached to one^nd. 

171. A method of nanofabriej^m comprising 

providing at least on/ type, of linking oligonucleotide having a selected 
sequence, the sequence of each type of linking oligonucleotide having at least two 

portions; \ 

providing one or more types ofVanoparticles having oligonucleotides 

attached thereto, the oligonucleotides on each of the types of nanoparticles having a 

sequence complementary to the sequence of a portion ofa linking oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 

effective to allow hybridization ofthe oligonucleotides on the nanoparticles to the linking 

oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 

nanoparticles are held together by oligonucleotide connectors. 

172. The method of Claim 171 wherein at least two tyVs of nanoparticles 
having oligonucleotides attached thereto are provided, the oligonucleotides on the first 
type of nanoparticles having a sequence complementary to a first portionW the sequence 
of a linking oligonucleotide, and the oligonucleotides on the second type ofcnanoparticles 
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having a sequence complementary to a second portion of the sequence of the linking 
oligonucleotide. 

173/\ The method of Claim 171 or 172 wherein the nanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof 

174. The method of Claim 173 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

1 75 . A method of naiMabrication comprising: 

providing at least\wo types of nanoparticles having oligonucleotides 
attached thereto, 

the oligonucleotides on \h€J first type of nanoparticles having a sequence 
complementary to that of the oligonuclwtMes on the second of the nanoparticles; 

the oligonucleotides on ItheV second type of nanoparticles having a 
sequence complementary to that of the oligonucleotides on the first type of nanoparticles; 
and 

contacting the first and second types of nanoparticles under conditions 
effective to allow hybridization of the oligonucleotidesvon the nanoparticles to each other 
so that a desired nanomaterial or nanostructure is formed/ 

176. The method of Claim 175 wherein the Vanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination thereof. 



177. The method of Claim 176 wherein the metallic nanoparticles are made of 
gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 



178. Nanomaterials or nanostructures composed of nanoparticles having 
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oligonucleotides attached thereto, the nanoparticles being held together by 
oligonucleotide connectors. 

17<k The nanomaterials or nanostructures of Claim 178 wherein at least some of 
the oligonucleotide connectors are triple-stranded. 

180. TheNianomaterials or nanostructures of Claim 178 wherein the 
nanoparticles are metallic nanoparticles, semiconductor nanoparticles, or a combination 
thereof. \ 

181. The nanomaterials or nanostructures of Claim 180 wherein the metallic 
nanoparticles are made of gold\and the semiconductor nanoparticles are made of 
CdSe/ZnS (core/shell). 

182. A composition comprising least two types of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides on the first type of nanoparticles 
having a sequence complementary to the sequence of a first portion of a nucleic acid or a 
linking oligonucleotide, the oligonucleotides on theVecond type of nanoparticles having a 
sequence complementary to the sequence of a second portion of the nucleic acid or 
linking oligonucleotide. 

183. The composition of Claim 182 wherein thknanoparticles are metallic 
nanoparticles, semiconductor nanoparticles, or a combination th&reof. 

184. The composition of Claim 183 wherein the metallic nanoparticles are 
made of gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 

185. An assembly of containers comprising: 
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thereto, 



a first container holding nanoparticles having oligonucleotides attached 
\a second container holding nanoparticles having oligonucleotides attached 



thereto, 

the Oligonucleotides attached to the nanoparticles in the first container 
having a sequence complementary to that of the oligonucleotides attached to the 
nanoparticles in the second container, 

the oligonucleotides attached to the nanoparticles in the second container 
having a sequence complei^tary to that of the oligonucleotides attached to the 
nanoparticles in the second container. 



186. The assembly of Claina 1 
nanoparticles, semiconductor nanoparticles 



185 wherein the nanoparticles are metallic 
or a combination thereof. 



187. The assembly of Claim 186 wherein the metallic nanoparticles are made 
of gold, and the semiconductor nanoparticles are made of CdSe/ZnS (core/shell). 



188. A nanoparticle having a plurality of\different oligonucleotides attached 



thereto. 



189. A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticles^having oligonucleotides 

attached thereto, the oligonucleotides on each of the types of Vianoparticles having a 

\ 

sequence complementary to the sequence of one of the portions o£ the selected nucleic 
acid; and 

contacting the nucleic acids and nanoparticles under conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles w\th the selected 
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Wbteic acid so that the nanoparticles hybridized to the selected nucleic acid aggregate 
and precipitate. 

19o\a method of binding oligonucleotides to charged nanoparticles to produce 
stable nanoparticle-oligonucleotide conjugates, the method comprising: 

proving oligonucleotides having covalently bound thereto a moiety 
comprising a mnctionalVoup which can bind to the nanoparticles; 

contactingthe oligonucleotides and the nanoparticles in water for a period 
of time sufficient to allowSat least some of the oligonucleotides to bind to the 
nanoparticles; 

adding at least oneV) to the water to form a salt solution, the ionic 
strength of the salt solution being s JLnt to overcome at least partially the electrostatic 
attraction or repulsion of the oligLc[e>tides for the nanoparticles and the electrostatic 
repulsion of the oligonucleotides for each otHen and 

contacting the oligonucleotides )hd nanoparticles in the salt solution for an 
additional period of time sufficient to allow sufficient additional oligonucleotides to bind 
to the nanoparticles to produce the stable nanoparticle\pligonucleotide conjugates. 

191. The method of Claim 190 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

192. The method of Claim 191 wherein the nanoparticles are gold 
nanoparticles. 

193. The method of Claim 192 wherein the moiety comprising a functional 
group which can bind to the nanoparticles is an alkanethiol. 

194. The method of Claim 190 wherein all of the salt is added to theWr in a 
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single addition. 



19k The method of Claim 190 wherein the salt is added gradually over time. 

196. ThVmethod of Claim 190 wherein the salt is selected from the group 
consisting of sodiu\chloride, magnesium chloride, potassium chloride, ammonium, 
chloride, sodium, acerit ammonium acetate, a combination of two or more of these 
salts, one of these salts in\ phosphate buffer, and a combination of two or more these 
salts in a phosphate buffer. \ 

197. The method of Claim 196 wherein the salt is sodium chloride in a 
phosphate buffer. 

198. The method of c/imfVo wherein nanoparticle-oligonucleotide 
conjugates are produced which have the oftgonucleotides present on surface of the 
nanoparticles at a surface density of at least 10 pidomoles/cm 2 . 

199. The method of Claim 198 wherein me oligonucleotides are present on 
surface of the nanoparticles at a surface density of at leas>sl5 picomoles/cm 2 . 

200. The method of Claim 199 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of from about >§ picomoles/cm 2 to about 
40 picomoles/cm . \ 

201. A method of binding oligonucleotides to nanoparl^les to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: \ 

providing oligonucleotides, the oligonucleotides comprising* least one 
type of recognition oligonucleotides, each of the recognition oligonucleotide Wprising 
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a spacer portion and a recognition portion, the spacer portion being designed so that it can 
bind 10 the nanoparticles; and 

\ contacting the oligonucleotides and the nanoparticles under conditions 
effective to\allow at least some of the recognition oligonucleotides to bind to the 
nanoparticles to\r>roduce the nanoparticle-oligonucleotide conjugates. 

202. The method of Claim 201 wherein each of the spacer portions of the 
recognition oligonucleotides has a moiety covalently bound thereto, the moiety 
comprising a functional grohp which can bind to the nanoparticles. 



203. The method of \ciaim 201 wherein the nanoparticles are metal 



nanoparticles or semiconductor nanop 



cles. 



204. The method of Claim 
nanoparticles. 



>03 wherein the nanoparticles are gold 



205. The method of Claim 204 whereir\the spacer portion comprises at least 
about 10 nucleotides. 

206. The method of Claim 205 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

207. The method of Claim 206 wherein the bases oV the nucleotides of the 
spacer are all adenines, all thymines, all cytosines, all uracils, or allVuani nes - 



208. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides, the oligonucleotides comprising: 
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a type of recognition oligonucleotides; and 
a type of diluent oligonucleotides; 
contacting the oligonucleotides with the nanoparticles under conditions 
effective to allow ahleast some of each of the types of oligonucleotides to bind to the 
nanoparticles to produce^he nanoparticle-oligonucleotide conjugates. 

209. The method\of Claim 208 wherein the nanoparticles are metal 
nanoparticles or semiconductor\anoparticles. 



210. The method of 
nanoparticles. 



209 wherein the nanoparticles are gold 



211. The method of Claim 
oligonucleotides comprises a spacer portioi 
being designed so that it can bind to the nanop* 



wherein each of the recognition 
a recognition portion, the spacer portion 
Icles. 



212. The method of Claim 211 wherein\each of the spacer portions of the 
recognition oligonucleotides has a moiety covalehtly bound thereto, the moiety 
comprising a functional group which can bind to the nanoparticles. 

213. The method of Claim 211 wherein the spacer portions of the recognition 
oligonucleotides comprises at least about 10 nucleotides. 

214. The method of Claim 213 wherein the spacer portions of the recognition 
oligonucleotides comprises from about 10 nucleotides to about 30 nucleotides. 



215. The method of Claim 211 wherein the bases of the nucleotides of the 
spacer are all adenines, all thymines, all cytosines, all uracils or all guanine 
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\216. The method of Claim 211 wherein the diluent oligonucleotides contain 
about the^ame number of nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides. 

217. TheNnethod of Claim 216 wherein the sequence of the diluent 
oligonucleotides is theWne as the sequence of the spacer portions of the recognition 
oligonucleotides. \ 

218. The method of Claim 208 wherein the oligonucleotides comprise at least 
two types of recognition oligonucleotides. 

219. A method of binding oli^micleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, themethod comprising: 

providing oligonucleotides haWg covalently bound thereto a moiety 
comprising a functional group which can bind toahe nanoparticles, the oligonucleotides 
comprising: \ 

a type of recognition oligonucleotides; and 
a type of diluent oligonucleotides; \ 

contacting the oligonucleotides with the nanoparticles in water for a period 
of time sufficient to allow at least some of each of the types ofsoligonucleotides to bind to 
the nanoparticles; \ 

adding at least one salt to the water to form a salt solution, the ionic 
strength of the salt solution being sufficient to overcome at least partially the electrostatic 
attraction or repulsion of the oligonucleotides for the nanoparticles arid the electrostatic 
repulsion of the oligonucleotides for each other; and \ 

contacting the oligonucleotides and nanoparticles in the salt solution for an 
additional period of time sufficient to allow additional oligonucleotides of Wh of the 
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tyfcs of oligonucleotides to bind to the nanoparticles to produce the nanoparticle- 
oligonucleotide conjugates. 

220. \The method of Claim 219 wherein me nanoparticles are metal 
5 nanoparticles or Semiconductor nanoparticles. 

221. The rhethod of Claim 220 wherein the nanoparticles are gold 
nanoparticles. 



10 



15 



222. The method oKciaim 221 wherein the moiety comprising a functional 
group which can bind to the nanoparticles is an alkanethiol. 



223. The method of Claim 
single addition. 



wherein all of the salt is added to the water in a 



224. The method of Claim 219 wherem the salt is added gradually over time. 



225. The method of Claim 219 whereinMhe salt is selected from the group 
consisting of sodium chloride, magnesium chlorideV potassium chloride, ammonium, 

20 chloride, sodium, acetate, ammonium acetate, a combination of two or more of these 
salts, one of these salts in a phosphate buffer, and a combination of two or more these 
salts in a phosphate buffer. 

226. The method of Claim 225 wherein the salt is\sodium chloride in a 
25 phosphate buffer. 

227. The method of Claim 219 wherein nanoparticlVoligonucleotide 
conjugates are produced which have the oligonucleotides are present onWface of the 
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nW)particles at a surface density of at least 10 picomoles/cm 



The method of Claim 227 wherein the oligonucleotides are present on 
surface of thXnanoparticles at a surface density of at least 15 picomoles/cm . 

229. TheNnethod of Claim 228 wherein the oligonucleotides are present on 
surface of the nanoparti^les at a surface density of from about 15 picomoles/cm 2 to about 
40 picomoles/cm 2 . 



230. The method df Claim 219 wherein each of the recognition 
oligonucleotides comprises a spacer portion and a recognition portion, the spacer portion 
having attached to it the moiety cor^prjging a functional group which can bind to the 
nanoparticles. 

231. The method of Claim 230 wherein the spacer portion comprises at least 
about 10 nucleotides. 



232. The method of Claim 231 wherein\the spacer portion comprises from 
about 10 to about 30 nucleotides. 



233. The method of Claim 230 wherein the bates of the nucleotides of the 
spacers are all adenines, all thymines, all cytosines, all uracil^or all guanines. 

234. The method of Claim 230 wherein the diluent dhgonucleotides contain 
about the same number of nucleotides as are contained in the spacer portions of the 
recognition oligonucleotides. 

235. The method of Claim 234 wherein the sequence of the diluent 
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oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides. 

236. N^ie method of Claim 219 wherein the oligonucleotides comprise at least 
5 two types of recognition oligonucleotides. 
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237. Nanopartfisle-oligonucleotide conjugates which are nanoparticles having 
oligonucleotides attached toMhem, the oligonucleotides being present on surface of the 
nanoparticles at a surface density sufficient so that the conjugates are stable, at least some 
of the oligonucleotides having a sequence complementary to at least one portion of the 
sequence of a nucleic acid or another\lyft)nucleotide.. 



238. The conjugates of Claim 



wherein the oligonucleotides are present on 



surface of the nanoparticles at a surface density of at least 10 picomoles/cm 



239. The nanoparticles of Claim 238 wherein the oligonucleotides are present 
on surface of the nanoparticles at a surface density ofat least 15 picomoles/cm . 

240. The nanoparticles of Claim 239 wherein fiie oligonucleotides are present 
20 on surface of the nanoparticles at a surface density of fror^ about 15 picomoles/cm 2 to 

about 40 picomoles/cm 2 . 

241. The nanoparticles of Claim 237 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



242. The nanoparticles of Claim 241 wherein the nanoparticles are gold 
nanoparticles. 
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2*13. Nanoparticles having oligonucleotides attached to them, the 
oligonucleohdes comprising at least one type of recognition oligonucleotides, each of the 
recognition oligonucleotides comprising a spacer portion and a recognition portion, the 
spacer portion bemg designed so that it is bound to the nanoparticles, the recognition 
portion having a seqiWce complementary to at least one portion of the sequence of a 
nucleic acid or another oligonucleotide. 

244. The nanoparticles of Claim 243 wherein the spacer portion has a moiety 
covalently bound to it, the moi^y comprising a functional group through which the 
spacer portion is bound to the nanoparticles. 



245. The nanoparticles of Clair 
least about 10 nucleotides. 



wherein the spacer portion comprises at 



246. The nanoparticles of Claim 245 ^herein the spacer portion comprises 
from about 10 to about 30 nucleotides. 

247. The nanoparticles of Claim 243 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all thymines, all cytosines, all uracils or all guanines. 

248. The nanoparticles of Claim 243 wherein the oligonucleotides are present 

\* 2 

on surface of the nanoparticles at a surface density of at least 10 picomoles/cm . 

249. The nanoparticles of Claim 248 wherein the oligonucleotides are present 

\ 2 

on surface of the nanoparticles at a surface density of at least 15 picomtoles/cm . 



250. The nanoparticles of Claim 249 wherein the oligonucleotides are present 

V 2 

on surface of the nanoparticles at a surface density of from about 15 picomoles/cm to 
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ao*mt 40 picomoles/cm 
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25\ The nanoparticles of Claim 243 wherein the nanoparticles are metal 
nanoparticle^qr semiconductor nanoparticles. 

252. The\method of Claim 251 wherein the nanoparticles are gold 
nanoparticles. 

253. NanoparticlesX having oligonucleotides attached to them, the 

oligonucleotides comprising: 

at least one type of recognition oligonucleotides, each of the types of 



recognition oligonucleotides co 
portion of the sequence of a nucle) 




a sequence complementary to at least one 
>r another oligonucleotide; and 



a type of diluent oligonucleotides 



254. The nanoparticles of Claim 253 wherein, each of the recognition 
oligonucleotides comprises a spacer portion and precognition portion, the spacer portion 
being designed so that it is bound to the nanoparticles, the recognition portion having a 
sequence complementary to at least one portion of the sequence of a nucleic acid or 
another oligonucleotide. 

255. The nanoparticles of Claim 254 wherein the Spacer portion has a moiety 
covalently bound to it, the moiety comprising a functional fcroup through which the 
spacer portion is bound to the nanoparticles. 

256. The nanoparticles of Claim 254 wherein the spacer portion comprises at 
least about 10 nucleotides. 
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257. The nanoparticles of Claim 256 wherein the spacer portion comprises 
from abour40 to about 30 nucleotides. 

258. Tfte nanoparticles of Claim 254 wherein the bases of the nucleotides of the 
spacer portion are an^denines, all thymines, all cytosines, all uracils or all guanines. 

259. The nanoparticles of Claim 253 wherein the oligonucleotides are present 
on surface of the nanoparticles at a surface density of at least 10 picomoles/cm 2 . 

260. The nanoparticles of Claim 259 wherein the oligonucleotides are present 
on surface of the nanoparticles at as^urface density of at least 15 picomoles/cm 2 . 

:60 wherein the oligonucleotides are present 
^density of from about 15 picomoles/cm 2 to 

262. The nanoparticles of Claim 254 V/herein the diluent oligonucleotides 
contain about the same number of nucleotides as are. contained in the spacer portions of 
the recognition oligonucleotides. \ 

263. The nanoparticles of Claim 262 wherein the sequence of the diluent 
oligonucleotides is the same as that of the spacer portions of the recognition 
oligonucleotides. \ 

264. The nanoparticles of Claim 253 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. \ 

265. The nanoparticles of Claim 264 wherein the nanopartrtles are gold 
nanoparticles. \ 




261. The nanoparticles of Cla^ 
on surface of the nanoparticles at a su 
about 40 picomoles/cm 2 . 
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166. A method of detecting a nucleic acid comprising: 

cohtacting the nucleic acid with at least one type of nanoparticle-oligonucleotide 
conjugates according to any one of Claims 237-242 under conditions effective to allow 
hybridization of ihs oligonucleotides on the nanoparticles with the nucleic acid; and 

observing zk detectable change brought about by hybridization of the 
oligonucleotides on theWnoparticles with the nucleic acid. 

267. A method of (Meeting a nucleic acid comprising: 

contacting the nucleic add with at least one type of nanoparticles according to 
any one of Claims 243-265 under conditions effective to allow hybridization of at least 
one of the types of recognition oligonucleotides on the nanoparticles with the nucleic 
acid; and 7SI 

observing a detectable change brpu)ght about by hybridization of the recognition 
oligonucleotides with the nucleic acid. \ 

268. A method of detecting a nucleic\acid having at least two portions 
comprising: \ 

providing a type of nanoparticle-oligonucleotide conjugates according to 
any one of Claims 237-242, the oligonucleotides on eachVanoparticle having a sequence 
complementary to the sequence of at least two portions of thV nucleic acid; 

contacting the nucleic acid and the conjugatesVunder conditions effective 
to allow hybridization of the oligonucleotides on the nanoparticles with the two or more 
portions of the nucleic acid; and \ 

observing a detectable change brought about byVybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. \ 

269. A method of detecting a nucleic acid having at leak two portions 
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comprising: 

\, contacting the nucleic acid with at least two types of nanoparticle- 
oligonucleotiHe conjugates according to any one of Claims 237-240, the oligonucleotides 
on the nanopartiktes of the first type of conjugates having a sequence complementary to a 
first portion of the sequence of the nucleic acid, the oligonucleotides on the nanoparticles 
of the second type of conjugates having a sequence complementary to a second portion of 
the sequence of the nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of ^oligonucleotides on the nanoparticles with the nucleic acid; 

and \ 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticl v es with the nucleic acid. 

270. The method of Claim\269 wherein the contacting conditions include 
freezing and thawing. 



271. The method of Claim ^69/ wherein the contacting conditions include 



heating. 



272. The method of Claim 269 wherein tHe detectable change is observed on a 
solid surface. 

273. The method of Claim 269 wherein the detectable change is a color change 
observable with the naked eye. 



274. The method of Claim 273 wherein the color change is observed on a solid 



surface. 



275. The method of Claim 269 wherein the nanoparticles are metal 
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nanoparticles or semiconductor nanoparticles. 

2*6. The method of Claim 269 wherein the nanoparticles are gold 
nanoparticles. 

277. The\method of Claim 269 wherein the oligonucleotides attached to the 
nanoparticles are labbted on their ends not attached to the nanoparticles with molecules 
that produce a detectable change upon hybridization of the oligonucleotides on the 
nanoparticles with the nucleic acid. 

278. The method of (^laim 277 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attached to the nanoparticles are 
labeled with fluorescent molecules. 



279. The method of Claim 269 WJlerein: 

the nucleic acid has a third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of thV nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nhcleic acid, the contacting taking 
place under conditions effective to allow hybridization ofythe filler oligonucleotide with 
the nucleic acid. 



280. The method of Claim 269 wherein the nucleic 



viral RNA or DNA. 



281. The method of Claim 269 wherein the nucleic acid i\a gene associated 
with a disease. 



274 




;2. 



The method of Claim 269 wherein the nucleic acid is a bacterial DNA. 



283. \The method of Claim 269 wherein the nucleic acid is a fungal DNA. 

284. The niethod of Claim 269 wherein the nucleic acid is a synthetic DNA, a 
synthetic RNA, a strfocturally-modified natural or synthetic RNA, or a structurally- 
modified natural or synthetic DNA. 

285. The method orClaim 269 wherein the nucleic acid is from a biological 
source. \ 

286. The method of Claim\269 wherein the nucleic acid is a product of a 
polymerase chain reaction amplificatiorkX/ 

287. The method of Claim 269 wherein the nucleic acid is contacted with the 
first and second types of conjugates simultaneously. 

288. The method of Claim 269 whereiiXthe nucleic acid is contacted and 
hybridized with the oligonucleotides on the nanoparticles of first type of conjugates 
before being contacted with the second type of conjugates^ 

289. The method of Claim 288 wherein the first type of conjugates is attached 
to a substrate. \ 

290. The method of Claim 269 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results iri the production of a 
triple-stranded complex. \ 
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391. A method of detecting a nucleic acid having at least two portions 
comprising: 

V providing a type of nanoparticles according to any one of Claims 243-252 
having recognition oligonucleotides attached thereto, the recognition oligonucleotides on 
each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic^acid; 

contacting the nucleic acid and the nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles with the two 
or more portions of the nucleikacid; and 

observing a detectable change brought about by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

292. A method of detecjjmgj/ nucleic acid having at least two portions 
comprising: \J\ 

contacting the nucleic acid with at least two types of nanoparticles 
according to any one of Claims 243-250 having recognition oligonucleotides attached 
thereto, the recognition oligonucleotides on the first type of nanoparticles comprising a 
sequence complementary to a first portion of the\sequence of the nucleic acid, the 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to a second portion of the sequence of the nucleic acid, the contacting 
taking place under conditions effective to allow hybridization of the recognition 
oligonucleotides on the nanoparticles with the nucleic acid; 

observing a detectable change brought about 1W hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

293. The method of Claim 292 wherein the contacting conditions include 
freezing and thawing. 
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>94. The method of Claim 292 wherein the contacting conditions include 

heating. 

295. \The method of Claim 292 wherein the detectable change is observed on a 
solid surface. 

296. The method of Claim 292 wherein the detectable change is a color change 
observable with the naked eye. 

297. The method of\£laim 296 wherein the color change is observed on a solid 
surface. 



298. The method of/C^laim 292 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



299. The method of Claim 298 wherein the nanoparticles are made of gold. 



300. The method of Claim 292 wherein the recognition oligonucleotides 
attached to the nanoparticles are labeled on their ends not attached to the nanoparticles 
with molecules that produce a detectable change upon hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 



301. The method of Claim 300 wherein the tf^noparticles are metallic or 
semiconductor nanoparticles and the oligonucleotides attache^ to the nanoparticles are 
labeled with fluorescent molecules. 



302. The method of Claim 292 wherein: 

the nucleic acid has a third portion located between the first and second 
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portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third portion of the nucleic acid; and 

\ the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portion of the nucleic acid, the contacting taking 
place under concisions effective to allow hybridization of the filler oligonucleotide with 
the nucleic acid. \ 

303. The method of Claim 292 wherein the nucleic acid is viral RNA or DNA. 

304. The method of Claim 292 wherein the nucleic acid is a gene associated 
with a disease. 

305. The method of Claim 2§2 wherein the nucleic acid is a bacterial DNA. 

> 

306. The method of Claim ^02 ^wherein the nucleic acid is a fungal DNA. 

307. The method of Claim 292 wherein^the nucleic acid is a synthetic DNA, a 
synthetic RNA, a structurally-modified natural or synthetic RNA, or a structurally- 
modified natural or synthetic DNA. 

308. The method of Claim 292 wherein the nucleic acid is from a biological 

source. 

309. The method of Claim 292 wherein the nucleic Vid is a product of a 
polymerase chain reaction amplification. 

310. The method of Claim 292 wherein the nucleic acid is exacted with the 
first and second types of nanoparticles simultaneously. 
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The method of Claim 292 wherein the nucleic acid is contacted and 
hybridized with the oligonucleotides on the first type of nanoparticles before being 
contacted wfth the second type of nanoparticles. 

312. The\method of Claim 311 wherein the first type of nanoparticles is 
attached to a substrate^ 

313. The metho<rof Claim 292 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles results in the production of a 
triple-stranded complex. \ 

314. A method of dete^ti^f a nucleic acid having at least two portions 
comprising: 

providing a type of naAoparticles according to any one of Claims 253-265 
having recognition oligonucleotides attached\thereto, the recognition oligonucleotides on 
each nanoparticle comprising a sequence complementary to the sequence of at least two 
portions of the nucleic acid; \ 

contacting the nucleic acid and tjie nanoparticles under conditions 
effective to allow hybridization of the recognition oligonucleotides on the nanoparticles 
with the two or more portions of the nucleic acid; and \ 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucl^icacid. 

315. A method of detecting nucleic acid having at least two portions 
comprising: \ 

contacting the nucleic acid with at least two type& of nanoparticles 
according to any one of Claims 253-263 having recognition oligonucleotides attached 
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thereto, the recognition oligonucleotides on the first type of nanoparticles comprising a 
sequence complementary to a first portion of the sequence of the nucleic acid, the 
recognition oligonucleotides on the second type of nanoparticles comprising a sequence 
complementary to a second portion of the sequence of the nucleic acid, the contacting 
taking place Under conditions effective to allow hybridization of the recognition 
oligonucleotides ohrthe nanoparticles with the nucleic acid; and 

observing a detectable change brought about by hybridization of the 
recognition oligonucleotides on the nanoparticles with the nucleic acid. 

316. The method o( Claim 315 wherein the contacting conditions include 
freezing and thawing. 

317. The method of Clain\3^ wherein the contacting conditions include 
heating. 




318. The method of Claim 315 wherein the detectable change is observed on a 
solid surface. 

319. The method of Claim 315 wherein th\detectable change is a color change 
observable with the naked eye. 

320. The method of Claim 319 wherein the color\hange is observed on a solid 
surface. 

321. The method of Claim 315 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



322. 



The method of Claim 321 wherein the nanoparticles are made of gold. 

280 \ 



523. The method of Claim 315 wherein the recognition oligonucleotides 
attached toVie nanoparticles are labeled on their ends not attached to the nanoparticles 
with molecules that produce a detectable change upon hybridization of the recognition 
oligonucleotidesW the nanoparticles with the nucleic acid. 

324. The nWhod of Claim 323 wherein the nanoparticles are metallic or 
semiconductor nanoparticles and the recognition oligonucleotides attached to the 
nanoparticles are labeled with fluorescent molecules. 

325. The method of Claim 3 1 5 wherein: 

the nucleic acid has\ third portion located between the first and second 
portions, and the sequences of the oligonucleotides on the nanoparticles do not include 
sequences complementary to this third pctffcpn of the nucleic acid; and 

the nucleic acid is further contacted with a filler oligonucleotide having a 
sequence complementary to this third portioiW the nucleic acid, the contacting taking 
place under conditions effective to allow hybridization of the filler oligonucleotide with 
the nucleic acid. \ 

326. The method of Claim 3 1 5 wherein the nucleic acid is viral RNA or DNA. 

327. The method of Claim 315 wherein the nucfeic acid is a gene associated 
with a disease. \ 

328. The method of Claim 3 1 5 wherein the nucleic acid is a bacterial DNA. 

329. The method of Claim 3 1 5 wherein the nucleic acid is a ftingal DNA. 
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\330. 
synthetic NR.' 
modified nal 



The method of Claim 315 wherein the nucleic acid is a synthetic DNA, a 
fA, a structurally-modified natural or synthetic RNA, or a structurally- 
iral or synthetic DNA. 



331. Thev method of Claim 315 wherein the nucleic acid is from a biological 
source. \ 

332. The method, of Claim 315 wherein the nucleic acid is a product of a 
polymerase chain reaction amplification. 

333. The method of Claim 315 wherein the nucleic acid is contacted with the 
first and second types of nanoparticlesvsimultaneously. 

334. The method of Claim S\ & wherein the nucleic acid is contacted and 
hybridized with the recognition oligonucleotides on the first type of nanoparticles before 
being contacted with the second type of nanopankles. 

335. The method of Claim 334 wherein\the first type of nanoparticles is 
attached to a substrate. \ 

336. The method of Claim 315 wherein the nucleic acid is double-stranded and 
hybridization with the oligonucleotides on the nanoparticles remits in the production of a 
triple-stranded complex. \ 

337. A method of detecting a nucleic acid having at\least two portions 
comprising: \ 

(a) contacting the nucleic acid with a substrate having ^oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary tova first portion 
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of\he sequence of said nucleic acid, the contacting taking place under conditions 
effecWe to allow hybridization of the oligonucleotides on the substrate with said nucleic 
acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticle-ohgonucleotide conjugates according to any one of Claims 237-240, at least 
one of the types of oligonucleotides attached to the nanoparticles of the conjugates 
having a sequence\omplementary to a second portion of the sequence of said nucleic 
acid, the contacting taking place under conditions effective to allow hybridization of the 
p oligonucleotides attachecUo the nanoparticles of the conjugates with said nucleic acid; 

5 10 and 

O 

JEl (c) observing a detectable change. 

*El 

Si 

tt j 338. The method of Claim^/3# further comprising: 

u ; (d) contacting thytirsftUype of nanoparticle-oligonucleotide conjugates 

jlj 15 bound to the substrate with a second fyoe of nanoparticle-oligonucleotide conjugates 

SI according to any one of Claims 237-240, at least one of the types of oligonucleotides 

Cj w \ 

jj! attached to the nanoparticles of the seconds, type of conjugates having a sequence 

complementary to the sequence of one of the types of oligonucleotides attached to the 
nanoparticles of the first type of conjugates, the contacting taking place under conditions 
20 effective to allow hybridization of the oligonucleotides attached to the nanoparticles of 
the first and second types of conjugates; and 

(e) observing the detectable change. 

339. The method of Claim 338 wherein at leasrt one of the types of 
25 oligonucleotides on the nanoparticles of the first type of conjugates has a sequence 
complementary to the sequence of at least one of the types of oligonucleotides on the 
nanoparticles of the second type of conjugates and the method further Vomprises: 

(f) contacting the second type of conjugates bound to t^e substrate with 
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theVst type of conjugates, the contacting taking place under conditions effective to 
allowVbridization of the oligonucleotides on the nanoparticles of the first and second 

types of conjugates; and 

(g) observing the detectable change. 

340. The\ethod of Claim 339 wherein step (d) or steps (d) and (f) are repeated 
one or more times anW detectable change is observed. 

341 me thod \f Claim 337 further comprising: 
| 10 (d) providing^ type of binding oligonucleotides having a sequence 

| comprising at least two portions^ first portion being complementary to at least one of 

S the types of oligonucleotides attache\to the nanoparticles of the first type of conjugates; 

m (e) contacting the bWg oligonucleotides with the first type of 

U conjugates bound to the substrate, thAacting taking place under conditions effective 

g 15 to allow hybridization of the binding oligonucleotides with the oligonucleotides on the 
Si nanoparticles of the first type of conjugates; 

g (f) providing a second type ofWoparticle-oligonucleotide conjugates 

according to any one of Claims 237-240, at leasKone of the types of oligonucleotides 
attached to the nanoparticles of the second type V conjugates having a sequence 
20 complementary to the second portion of the sequence ofthe binding oligonucleotides; 

(g) contacting the binding oligonucleotidesNbound to the substrate with the 
second type of conjugates, the contacting taking place underveonditions effective to allow 
hybridization of the oligonucleotides attached to the nanoparocles of the second type of 
conjugates with the binding oligonucleotides; and 
25 (h) observing the detectable change. 

342. The method of Claim 341 further comprising: 

(i) contacting the second type of conjugates bound to the\substrate with the 
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bmding oligonucleotides, the contacting taking placTunder conditions effective to allow 
hySwion of the binding oligonucleotides with the oligonucleotides on the 
nanoparticles of the second type of conjugates; 

\(j) contacting the binding oligonucleotides bound to the substrate with the 
first type of ccWates, the contacting taking place under conditions effective to allow 
hybridization of ti^ligonucleotides on the nanoparticles of the first type of conjugates 
with the binding oligonucleotides; and 

(k) observing the detectable change. 

343. The method of Oahn 342 wherein steps (e) and (g) or steps (e), (g), (i) and 
0) are repeated one or more times/and the detectable change is observed. 

344. The method of Claim 3n^herein the substrate is a transparent substrate 
or an opaque white substrate. yU 

345. The method of Claim 344 wherein the detectable change is the formation 
of dark areas on the substrate. \ 

346. The method of Claim 337 wherein the nanoparticles of the conjugates are 
metal nanoparticles or semiconductor nanoparticles. \ 

347. The method of Claim 346 wherein the nanoparticles of the conjugates are 
made of gold or silver. \ 

348. The method of Claim 337 wherein the substrate has aWality of types of 
oligonucleotides attached to it in an array to allow for the detection oWultiple portions 
of a single nucleic acid, the detection of multiple different nucleic acids, oUoth. 
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i 4 9. The method of Claim 337 wherein the substrate is contacted with silver 
stain to produce the detectable change. 

350. The method of Claim 348 wherein the substrate is contacted with silver 
stain to produce theMetectable change. 

351. The method of Claim 337 wherein the detectable change is observed with 
an optical scanner. 

352. The method of Claim^ 1 wherein the device is a flatbed scanner. 

353. The method of Claim^fljjvherein the scanner is linked to a computer 
loaded with software capable of calc/ati^ greyscale measurements, and the greyscale 
measurements are calculated to provide a quantitative measure of the amount of nucleic 
acid detected. 

354. The method of Claim 337 wherein the oligonucleotides attached to the 
substrate are located between two electrodes, the narfqparticles of the conjugates are 
made of a material which is a conductor of electricity, \d the detectable change is a 
change in conductivity. 

355. The method of Claim 354 wherein the electrodes a^made of gold, and the 
nanoparticles are made of gold. 

356. The method of Claim 354 wherein the substrate is contacted with silver 
stain to produce the change in conductivity. 

357. The method of Claim 348 wherein each of the plurality of 
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otaonucleotides attached to the substrate in the array is located between two electrodes, 
the iWioparticles are made of a material which is a conductor of electricity, and the 
detectable change is a change in conductivity. 

358. \he method of Claim 357 wherein the electrodes are made of gold, and the 
nanoparticles are rtaide of gold. 

359. The method of Claim 357 wherein the substrate is contacted with silver 
stain to produce the change^in conductivity. 

360. A method of detecting a nucleic acid having at least two portions 

comprising: \ 

(a) contacting the nucleic apd with a substrate having oligonucleotides 
attached thereto, the oligonucleotides teuMg a sequence complementary to a first portion 
of the sequence of said nucleic a^ffl, jftte contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides on the substrate with said nucleic 

acid; \ 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticles according to any one of Claims 243-^50 having one or more types of 
recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides comprising a sequence complementarAto a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the nanoparticfes with said nucleic acid; 
and 

(c) observing a detectable change. 

361 . The method of Claim 360 further comprising: 

(d) contacting the first type of nanoparticles bound to theWbstrate with a 
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rcond type of nanoparticles according to any one of Claims 243-250 having recognition 
oligonucleotides attached thereto, at least one of the types of recognition oligonucleotides 
on the\econd type of nanoparticles comprising a sequence complementary to the 
sequence 6* one of the types of oligonucleotides on the first type of nanoparticles, the 
contacting taWg place under conditions effective to allow hybridization of the 
oligonucleotides on the first and second types of nanoparticles; and 
(e) observing the detectable change. 
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362. The methodivf Claim 360 wherein at least one of the types of recognition 
10 oligonucleotides on the first type of nanoparticles has a sequence complementary to the 
sequence of at least one of the types of oligonucleotides on the second type of 
nanoparticles and the method furtherscomprises: 

(f) contacting the seconVtyiljb of nanoparticles bound to the substrate with 
the first type of nanoparticles, the cont^ng taking place under conditions effective to 

1 5 allow hybridization of the oligonucleotides V^the first and second types of nanoparticles; 
and 

(g) observing the detectable changed 



363. The method of Claim 362 wherein step (H) or steps (d) and (f) are repeated 
20 one or more times and the detectable change is observed. 



364. The method of Claim 360 further comprising: 

(d) providing a type of binding oligonucleotides having a sequence 
comprising at least two portions, the first portion being complementary to at least one of 

25 the types of oligonucleotides on the first type of nanoparticles; 

(e) contacting the binding oligonucleotides with the first type of 
nanoparticles bound to the substrate, the contacting taking place under conditions 
effective to allow hybridization of the binding oligonucleotides with the oligonucleotides 
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on\he first type of nanoparticles; 

\ (£) providing a second type of nanoparticles according to any one of 
Claims 2*3-250 having recognition oligonucleotides attached thereto, at least one of the 
types of recWion oligonucleotides on the second type of nanoparticles comprising a 
5 sequence commentary to the second portion of the sequence of the binding 

oligonucleotides; \ 

(g) contacting the binding oligonucleotides bound to the substrate with the 
second type of nanopartkes, the contacting taking place under conditions effective to 
allow hybridization of the Oligonucleotides on the second type of nanoparticles with the 

10 binding oligonucleotides; and \ 

(h) observing the detectable change. 

365. The method of Clain^fe Nfurther comprising: 

(i) contacting the second typ*e of nanoparticles bound to the substrate with 
15 the binding oligonucleotides, the contactingVing place under conditions effective to 

allow hybridization of the binding oligonucleotides with the oligonucleotides on the 

second type of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the 
first type of nanoparticles, the contacting taking place under conditions effective to allow 
20 hybridization of the oligonucleotides on the first type of\anoparticles with the binding 

oligonucleotides; and 

(k) observing the detectable change. 



366. The method of Claim 365 wherein steps (e) and (g) o\steps (e), (g), (i) and 
25 (j) are repeated one or more times, and the detectable change is observed. 

367. The method of Claim 360 wherein the substrate is a transparent substrate 
or an opaque white substrate. 
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568. The method of Claim 367 wherein the detectable change is the formation 
of dark ar\s on the substrate. 

369. The method of Claim 360 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 



370. The metho\of Claim 369 wherein the nanoparticles are made of gold or 



silver. 



371. The method of Claim\360 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an akay to allow for the detection of multiple portions 
of a single nucleic acid, the detection of mutti 5le different nucleic acids, or both. 



372. The method of Claim 360 whe\ein the substrate is contacted with silver 
stain to produce the detectable change. 



373. The method of Claim 371 wherein the\ubstrate 
stain to produce the detectable change. 



375. The method of Claim 360 wherein the detectable^c 
an optical scanner. 

376. The method of Claim 375 wherein the device is a flat! 



377. The method of Claim 375 wherein the scanner ii 
loaded with software capable of calculating greyscale measurements, and th\ greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic 
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acrtldetected. 

378. The method of Claim 360 wherein the oligonucleotides attached to the 
substrate arXlocated between two electrodes, the nanoparticles are made of a material 
which is a conductor of electricity, and the detectable change is a change in conductivity. 

379. The mfethod of Claim 378 wherein the electrodes are made of gold, and the 
nanoparticles are made of gold. 



380. The method ofv^laim 378 wherein the substrate is contacted with silver 
stain to produce the change in conductivity. 



381. The method of Claim 271 wherein each of the plurality of 
oligonucleotides attached to the substratetajl the array is located between two electrodes, 
the nanoparticles are made of a material /Which is a conductor of electricity, and the 
detectable change is a change in conductivity. 

382. The method of Claim 381 wherein tft^ electrodes are made of gold, and the 
nanoparticles are made of gold. 

383. The method of Claim 381 wherein the sul^trate is contacted with silver 
stain to produce the change in conductivity. 



384. A method of detecting a nucleic acid having\at least two portions 
comprising: 

(a) contacting the nucleic acid with a substrate haviJuj oligonucleotides 
attached thereto, the oligonucleotides having a sequence complementary^ a first portion 
of the sequence of said nucleic acid, the contacting taking place under conditions 
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effective to allow hybridization of the oligonucleotides on the substrate with said nucleic 
acid; 

(b) contacting said nucleic acid bound to the substrate with a first type of 
nanoparticks according to any one of Claims 253-263 having one or more types of 
5 recognition oligonucleotides attached thereto, at least one of the types of recognition 
oligonucleotides\omprising a sequence complementary to a second portion of the 
sequence of said nucleic acid, the contacting taking place under conditions effective to 
allow hybridization of\he recognition oligonucleotides on the nanoparticles with said 
p nucleic acid; and 

O io (c) observing a x detectable change. 

O 

QCi v 

f ! 385. The method of Claim\84 further comprising: 

Nl \ 

ffi (d) contacting the firr* v 



\4, second type of nanoparticles accor 

W 

b 



I of nanoparticles bound to the substrate with a 
.any one of Claims 253-263having recognition 



L 1 5 oligonucleotides attached thereto, at least on\of the types of recognition oligonucleotides 
on the second type of nanoparticles comprising a sequence complementary to the 
sequence of one of the types of oligonucleotidesyon the first type of nanoparticles, the 
contacting taking place under conditions effective to allow hybridization of the 
oligonucleotides on the first and second types of nanoparticles; and 
20 (e) observing the detectable change. 

386. The method of Claim 385 wherein at least one\of the types of recognition 
oligonucleotides on the first type of nanoparticles comprises aVequence complementary 
to the sequence of at least one of the types of oligonucleotides^ the second type of 
25 nanoparticles and the method further comprises: 

(f) contacting the second type of nanoparticles bound t x o^the substrate with 
the first type of nanoparticles, the contacting taking place under conditions effective to 
allow hybridization of the oligonucleotides on the first and second types of nanoparticles; 
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(g) observing the detectable change. 

38^ The method of Claim 386 wherein step (d) or steps (d) and (f) are repeated 
one or more times and the detectable change is observed. 

388. The Method of Claim 384 further comprising: 

(d) proving a type of binding oligonucleotides having a sequence 
comprising at least two pltions, the first portion being complementary to at least one of 
the types of oligonucleotides V the first type of nanoparticles; 

(e) contacting the binding oligonucleotides with the first type of 
nanoparticles bound to the subsW the contacting taking place under conditions 
effective to allow hybridization of m>bin^g oligonucleotides with the oligonucleotides 

on the first type of nanoparticles; jfcl 

(f) providing a second tyjfeW nanoparticles according to any one of 
Claims 253-263having recognition oligonucleotides attached thereto, at least one of the 
types of recognition oligonucleotides on the se>ond type of nanoparticles comprising a 
sequence complementary to the second portio\of the sequence of the binding 

oligonucleotides; \ 

(g) contacting the binding oligonucleotides bound to the substrate with the 

second type of nanoparticles, the contacting taking placeWer conditions effective to 
allow hybridization of the oligonucleotides on the second type of nanoparticles with the 

binding oligonucleotides; and 

(h) observing the detectable change. 

389. The method of Claim 388 further comprising: 

(i) contacting the second type of nanoparticles bound to\he substrate with 
the binding oligonucleotides, the contacting taking place under condition effective to 
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allbw hybridization of the binding oligonucleotides with the oligonucleotides on the 
seconcKype of nanoparticles; 

(j) contacting the binding oligonucleotides bound to the substrate with the 
first type of n^pparticles, the contacting taking place under conditions effective to allow 
5 hybridization of the oligonucleotides on the first type of nanoparticles with the binding 
oligonucleotides; and\ 

(k) observing the detectable change. 



20 




q 390. The method of Clami 389 wherein steps (e) and (g) or steps (e), (g), (i) and 

? 10 (j) are repeated one or more times^Wl the detectable change is observed. 

m 

?! 391. The method of Claim 384v^?rein the substrate is a transparent substrate 

tt j or an opaque white substrate. 

ji; 15 392. The method of Claim 391 wherei^the detectable change is the formation 

SI of dark areas on the substrate. 



393. The method of Claim 384 whereirfythe nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

394. The method of Claim 393 wherein the nanoparticles are made of gold or 

silver. 



395. The method of Claim 384 wherein the substrate has a plurality of types of 
25 oligonucleotides attached to it in an array to allow for the detection ormultiple portions 

of a single nucleic acid, the detection of multiple different nucleic acids, onboth. 

396. The method of Claim 384 wherein the substrate is contacted\with silver 
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stauVto produce the detectable change. 

W The method of Claim 395 wherein the substrate is contacted with silver 
stain to produce the detectable change. 

398. The method of Claim 384 wherein the detectable change is observed with 
an optical scanner \ 

399. The method ofClaim 398 wherein the device is a flatbed scanner. 

400. The method ofN^laim 398 wherein the scanner is linked to a computer 
loaded with software capable of\calculating greyscale measurements, and the greyscale 
measurements are calculated, to provide a quantitative measure of the amount of nucleic 
acid detected. 

401. The method of Claim 384 wherein the oligonucleotides attached to the 
substrate are located between two electro^ the nanoparticles are made of a material 
which is a conductor of electricity, and thafleljctable change is a change in conductivity. 

402. The method of Claim 401 wherein\he electrodes are made of gold, and the 
nanoparticles are made of gold. 

403. The method of Claim 401 wherein the\substrate is contacted with silver 
stain to produce the change in conductivity. 

404. The method of Claim 397 wherein each of the plurality of 
oligonucleotides attached to the substrate in the array is located between two electrodes, 
the nanoparticles are made of a material which is a conductor of electricity, and the 
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table change is a change in conductivity. 




Q 

P 10 comprising: 



}5 . The method of Claim 404 wherein the electrodes are made of gold, and the 
nanoparticfeiS are made of gold. 

406. The method of Claim 404 wherein the substrate is contacted with silver 
stain to produce theNshange in conductivity. 

407. A memodW detecting a nucleic acid having at least two portions 



jg (a) contacting ffie^nucleic acid with a substrate having oligonucleotides 

'f\ attached thereto, the oligonucleotides being located between a pair of electrodes, the 

00 oligonucleotides having a sequence qbjAjlementary to a first portion of the sequence of 

jL said nucleic acid, the contacting t^g place under conditions effective to allow 

r i' 1 5 hybridization of the oligonucleotides on th^substrate with said nucleic acid; 
Cj (b) contacting said nucleic acid^bound to the substrate with a first type of 

[? nanoparticles, the nanoparticles being made of a^material which can conduct electricity, 

the nanoparticles having one or more types of oligonucleotides attached thereto, at least 
one of the types of oligonucleotides having a sequence complementary to a second 
20 portion of the sequence of said nucleic acid, the contacting taking place under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles with said 

nucleic acid; and 

(c) detecting a change in conductivity. 

25 408. The method of Claim 407 wherein the substrate has\plurality of pairs of 

electrodes located on it in an array to allow for the detection of multiple portions of a 
single nucleic acid, the detection of multiple different nucleic acids, or\both, each of the 
pairs of electrodes having a type of oligonucleotides attached to the substrate between 
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19. 



The method of Claim 407 wherein the nanoparticles are made of metal. 



410. NThe method of Claim 407 wherein the nanoparticles are made of gold or 
silver. \ 

411. The method of Claim 407 wherein the substrate is contacted with silver 
stain to produce the chang\in conductivity. 

412. The method of Claim 407 further comprising: 

(d) contacting the\rst ttf>e of nanoparticles bound to the substrate with a 
second type of nanoparticles, the i^articles being made of a material which can 
conduct electricity, the nanoparticlesftLng oligonucleotides attached thereto, at least 
one of the types of oligonucleotides onVe second type of nanoparticles comprising a 
sequence complementary to the sequence oVie of the types of oligonucleotides on the 
first type of nanoparticles, the contacting takin^place under conditions effective to allow 
hybridization of the oligonucleotides on the first and second types of nanoparticles; and 

(e) detecting the change in conductivity^. 

413. The method of Claim 412 wherein it least one of the types of 
oligonucleotides on the first type of nanoparticles has a seVence complementary to the 
sequence of at least one of the types of oligonucleotide\on the second type of 
nanoparticles and the method further comprises: \ 

(f) contacting the second type of nanoparticles bounXto the substrate with 
the first type of nanoparticles, the contacting taking place under coMtions effective to 
allow hybridization of the oligonucleotides on the first and second typesW nanoparticles; 
and \ 
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(g) detecting the change in conductivity. 

414. ^Die method of Claim 413 wherein step (d) or steps (d) and (f) are repeated 
one or more timeXand the change in conductivity is detected. 
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415. The method of Claim 407 further comprising: 

(d) contacting the first type of nanoparticles bound to the substrate with 
an aggregate probe having ohgonucleotides attached thereto, the nanoparticles of the 
aggregate probe being made of a\material which can conduct electricity, at least one of 

10 the types of oligonucleotides dn the aggregate probe comprising a sequence 
complementary to the sequence of one of^e types of oligonucleotides on the first type of 
nanoparticles, the contacting taking/wtace under conditions effective to allow 
hybridization of the oligonucleotides o/tfje aggregate probe with the oligonucleotides on 
the first type of nanoparticles; 

15 (e) and detecting the change in conductivity. 

416. A method of detecting nucleic acid\having at least two portions 
comprising: 

(a) contacting a nucleic acid with a substrate having oligonucleotides 
20 attached thereto, the oligonucleotides being located between \ pair of electrodes, the 

oligonucleotides having a sequence complementary to a first portion of the sequence of 
said nucleic acid, the contacting taking place under conditions^ effective to allow 
hybridization of the oligonucleotides on the substrate with said nucleic acid; 

(b) contacting said nucleic acid bound to the substrate with an aggregate 
25 probe having oligonucleotides attached thereto, at least one of the types of 

oligonucleotides on the aggregate probe comprising a sequence complementary to the 
sequence of a second portion of said nucleic acid, the nanoparticles of theWgregate 
probe being made of a material which can conduct electricity, the contacting takihjg place 
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underNconditions effective to allow hybridization of the oligonucleotides on the aggregate 
probe wmr the nucleic acid; and 

\(c) detecting a change in conductivity. 



417. A mettod of detecting a nucleic acid wherein the method is performed on 
a substrate, the methcXcomprising detecting the presence, quantity, or both, of the 
nucleic acid with an optical scanner. 

418. The method of Clainr417 wherein the device is a flatbed scanner. 

419. The method of Claim 417 wherein the scanner is linked to a computer 
loaded with software capable of calculating sfleyscale measurements, and the greyscale 
measurements are calculated, to provide a <$^titative measure of the amount of nucleic 
acid detected. 

420. The method of Claim 417 wherein th^ scanner is linked to a computer 
loaded with software capable of providing an image of the substrate, and a qualitative 
determination \ 

of the presence of the nucleic acid, the quantity of the nucleic acid, or both, is made. 

421. A kit comprising a container holding nan^particle-oligonucleotide 
conjugates according to any one of Claims 237-242. 

422. A kit comprising a container holding nanoparticles according to any one 
of Claims 243-265. 

423. A kit comprising a substrate having attached thereto at least one pair of 
electrodes with oligonucleotides attached to the substrate between the electrode 
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N424. The kit of Claim 423 wherein the substrate has a plurality of pairs of 
electrodesNittached to it in an array, to allow for the detection of multiple portions of a 
single nucleie\acid, the detection of multiple different nucleic acids, or both. 

425 . A mbtiiod of nanofabrication comprising 

providing at least one type of linking oligonucleotide having a selected 
sequence, the sequence\f each type of linking oligonucleotide having at least two 

portions; \ 

providing one Or more types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, the oligonucleotides attached to the 
nanoparticles of each of the types orconjugates having a sequence complementary to the 
sequence of a portion of a linking oligonucleotide; and 

contacting the linking oSfoiAicleotides and conjugates under conditions 
effective to allow hybridization of the/>ligBmucleotides attached to the nanoparticles of 
the conjugates to the linking oligonucleotides so that a desired nanomaterial or 
nanostructure is formed wherein the nanoparticles of the conjugates are held together by 
oligonucleotide connectors. 

426. A method of nanofabrication comprising 
providing at least one type of linking oligonucleotide having a selected 

sequence, the sequence of each type of linking oligonucleotide having at least two 

\ 

portions; \ 

providing one or more types of nanoparticles according to any one of 
Claims 243-265, the recognition oligonucleotides on each of the tyjies of nanoparticles 
comprising a sequence complementary to the sequence of a portion of a linking 
oligonucleotide; and 

contacting the linking oligonucleotides and nanoparticles under conditions 
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effective to allow hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides so that a desired nanomaterial or nanostructure is formed wherein the 
nanoparticles are held together by oligonucleotide connectors. 

427. A method of nanofabrication comprising: 

providing at least two types of nanoparticle-oligonucleotide conjugates 
according to any one of Claims 237-242, 

the oligonucleotides attached to the nanoparticles of the first type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to 
the nanoparticles of the second type of conjugates; 

the oligonucleotides attached to the nanoparticles of the second type of 
conjugates having a sequence complementary to that of the oligonucleotides attached to 
the nanoparticles of the first type of conjugates; and 

contacting the first and second types of conjugates under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles of the 
conjugates to each other so that a desired nanomaterial or nanostructure is formed. 

428. A method of nanofabrication comprising: 

providing at least two types of nanoparticles according to any one of 
Claims 243-265, 

the recognition oligonucleotides on the first type of nanoparticles 
comprising a sequence complementary to that of the oligonucleotides on the second of 
the nanoparticles; 

the recognition oligonucleotides on the second type of nanoparticles 
comprising a sequence complementary to that of the oligonucleotides on the first type of 
nanoparticles; and 

contacting the first and second types of nanoparticles under conditions 
effective to allow hybridization of the oligonucleotides on the nanoparticles to each other 
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at a desired nanomaterial or nanostructure is formed. 



42\ Nanomaterials or nanostructures composed of nanoparticle- 
oligonucleotioe conjugates according to any one of Claims 237-242, the nanoparticles 
being held together by oligonucleotide connectors. 

430. Nanomkerials or nanostructures composed of nanoparticles according to 
any one of Claims 243^65, the nanoparticles being held together by oligonucleotide 
connectors. \ 

43 1 . A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids, the memodx^mpitaing: 

providing two or more^efe of nanoparticle-oligonucleotide conjugates 
according to any one of ClaimsA^42, the oligonucleotides attached to the 
nanoparticles of each of the types of conjugates having a sequence complementary to the 
sequence of one of the portions of the selected nucleic acid; and 

contacting the nucleic acids and bonjugates under conditions effective to 
allow hybridization of the oligonucleotides on the\nanoparticles of the conjugates with 
the selected nucleic acid so that the conjugates hybridized to the selected nucleic acid 
aggregate and precipitate. 

432. A method of separating a selected nucleic acidhaving at least two portions 
from other nucleic acids, the method comprising: 

providing two or more types of nanoparticles according to any one of 
Claims 243-265, the oligonucleotides on each of the types of nanoparticles having a 
sequence complementary to the sequence of one of the portions ofW selected nucleic 

acid; and \ 

contacting the nucleic acids and nanoparticles under conditions effective 
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allow hybridization of the oligonucleotides on the nanoparticles with the selected 
ieic acid so that the nanoparticles hybridized to the selected nucleic acid aggregate 
and precipitate. 

433. NNanoparticle-oligonucleotide conjugates which are nanoparticles having 
oligonucleotidesVached to them, the oligonucleotides having a covalently bound cyclic 
disulfide functional group that can bind to the nanoparticles. 

434. Nanopartuhe-oligonucleotide conjugates which are nanoparticles having 
oligonucleotides attached \ them, the oligonucleotides having a covalently bound 
polythiol functional group that ban bind to the nanoparticles. 

435. Nanoparticle-oligonh^otade conjugates which are nanoparticles having 
oligonucleotides attached to mem^meMgonucleotides having a covalently bound cyclic 
disulfide functional group that can bind to the nanoparticles, at least some of the 
oligonucleotides having a sequence complementary to at least one portion of the 
sequence of a nucleic acid or another oligonucleotide. 

436. Nanoparticle-oligonucleotide conjugates which are nanoparticles having 
oligonucleotides attached to them, the oligonucleotides having a covalently bound 
polythiol functional group that can bind to the nanoparticles, at least some of the 
oligonucleotides having a sequence complementary to^ at least one portion of the 
sequence of a nucleic acid or another oligonucleotide. 

437. The conjugates of claims 435 or 436 whereirk the oligonucleotides are 
further present at a surface density sufficient so that the conjugatesare stable. 

438. The conjugates of claim 437 wherein the oligonucleotides are present on 
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of the nanoparticles at a surface density of at least 10 picomoles/cm 2 
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\ 9 The conjugates of claim 438 wherein the oligonucleotides are present on 
surfaced nanoparticles at a surface density of at least 15 picomoles/cm 2 . 

440 \conjugates of claim 439 wherein the oligonucleotides are present on 
surface of the nancies at a surface density of from about 15 picomoles/cm to about 
40 picomoles/cm . \ 

441. The conjugate^ claims 435 or 436 wherein the nanoparticles are metal 
nanoparticles or semiconductornanoparficles. 

442. The conjugates ^(aim 441 wherein the nanoparticles are gold 
nanoparticles. 

443 The conjugates of Cairns \ or 436 wherein the oligonucleotides 
oonrprise a, leas, one type of recognition oligonucleotides, the recognition portion havrng 
a sequence commentary to a. leas, one portio^f the sequence of a nucletc actd or 
another oligonucleotide. 

444 The conjugates of claim 443 whel each of the recognition 
oligonucleotides comprising a spacer portion and a recognition portion, me spacer porKm 
being designed so that it is bound to the nanoparticles, 

445 The conjugates of claim 444 wherein the spaced portion has a moiety 
covalently bound to it, the moiety comprising a cyclic disulfide functional group through 
which the spacer portion is bound to the nanoparticles. 
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446. The conjugates of claim 444 wherein the spacer portion has a moiety 
covalentl /oxmnd to it, the moiety comprising a polythiol functional group through which 
the spacer porthm is bound to the nanoparticles. 

447. The conjugates of claim 442 wherein the spacer portion comprises at least 
about 10 nucleotides. \ 

448. The conjugated claim 447 wherein the spacer portion comprises from 
about 10 to about 30 nucleotides. 

449. The conjugates of claihi 448 wherein the bases of the nucleotides of the 
spacer portion are all adenines, all mymihes, all cytosines, all uracils or all guanines. 

450. The conjugates of claim^S or 436 further a type of diluent 
oligonucleotides. 

451. The nanoparticles of claim 450 Uerein the diluent oligonucleotides 
contain about the same number of nucleotides as ar\contained in the spacer portions of 
the recognition oligonucleotides. 

452. The nanoparticles of claim 451 whereinVe sequence of the diluent 
oligonucleotides is the same as that of the spacer portions of the recognition 
oligonucleotides. 

453. A method of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides having covalently bouhd cyclic disulfide 
function groups that can bind to nanoparticles; and 
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contacting the oligonucleotides and the nanoparticles under conditions 
effectiveNto allow at least some of the oligonucleotides to bind to the nanoparticles to 
produce theWioparticle-oligonucleotide conjugates. 

454. ANnethod of binding oligonucleotides to nanoparticles to produce 
nanoparticle-oligonuoleotide conjugates, the method comprising: 

providing oligonucleotides having covalently bound polythiol function 

groups that can bind to nanoparticles; and 

contacting th\ oligonucleotides and the nanoparticles under conditions 
10 effective to allow at least somkof the oligonucleotides to bind to the nanoparticles to 
produce the nanoparticle-oligonuclfcotid^ conjugates. 

455. The method of clffms [4154 or 455 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

15 

45 6. The method of claim 45 5 whereik the nanoparticles are gold nanoparticles. 

457. The method of claims 453 or 454 wherein, the oligonucleotides 
comprising at least one type of recognition oligonucleotides, each of the recognition 

20 oligonucleotides comprising a spacer portion and a recognition portion, the spacer portion 
having a moiety covalently bound thereto, the moiety comprising a functional group 
which can bind to the nanoparticles. 



458. The method of claim 457 wherein the spacer potion comprises at least 
25 about 10 nucleotides. 



459. The method of claims 458 wherein the spacer portion^ comprises from 
about 10 to about 30 nucleotides. 
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160. The method of claims 459 wherein the bases of the nucleotides of the 
spacer areaU adenines, all thymines, all cytosines, all uracils, or all guanines. 

461 . TOs method of claim 457, wherein the oligonucleotides further comprising 
a type of diluent\oligonucleotides and contacting the oligonucleotides with the 
nanoparticles under conditions effective to allow at least some of each of the types of 
oligonucleotides to bind\the nanoparticles to produce the nanoparticle-oligonucleotide 
conjugates. 

462. The method of daim 461^vherein the diluent oligonucleotides contain 
about the same number of nucleoW* are contained in the spacer portions of the 
recognition oligonucleotides. 

463. The method of claim 462 wherein the sequence of the diluent 
oligonucleotides is the same as the sequenc\of the spacer portions of the recognition 
oligonucleotides. 

464. The method of claim 457 wherein the oligonucleotides comprise at least 
20 two types of recognition oligonucleotides. 

465. A method of binding oligonucleotides to charged nanoparticles to produce 
nanoparticle-oligonucleotide conjugates, the method comprising: 

providing oligonucleotides having covalently\bound cyclic disulfide 
25 function groups that can bind to nanoparticles, the oligonucleotidesVomprising: 

a type of recognition oligonucleotides; and 
a type of diluent oligonucleotides; 
contacting the oligonucleotides with the nanoparticles in w^ter for a period 
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of time sufficient to allow at least some of each of the types of oligonucleotides to bind to 
the nanoparticles; 

adding at least one salt to the water to form a salt solution, the ionic 
strength of tii& salt solution being sufficient to overcome at least partially the electrostatic 
5 attraction or revision of the oligonucleotides for the nanoparticles and the electrostatic 
repulsion of the oligonucleotides for each other; and 

contacting the oligonucleotides and nanoparticles in the salt solution for an 
additional period of time^sufficient to allow additional oligonucleotides of each of the 
p types of oligonucleotides to^bind to the nanoparticles to produce the nanoparticle- 

P 10 oligonucleotide conjugates. 

D 

0s' 

£j 466. A method of binding oligroaucleotides to charged nanoparticles to produce 

ffi 1 nanoparticle-oligonucleotide conjugat&syme method comprising: 

jL providing oligonucl<^des^aving covalently bound polythiol function 

p 1 5 groups that can bind to nanoparticles, the blig^ucleotides comprising: 
SI a type of recognition oligonucleotides; and 

jj, a type of diluent oligonucleotides; 

contacting the oligonucleotides with the nanoparticles in water for a period 
of time sufficient to allow at least some of each of the ty^es of oligonucleotides to bind to 
20 the nanoparticles; 

adding at least one salt to the water to form a salt solution, the ionic 
strength of the salt solution being sufficient to overcome at least partially the electrostatic 
attraction or repulsion of the oligonucleotides for the nanoparticles and the electrostatic 
repulsion of the oligonucleotides for each other; and 
25 contacting the oligonucleotides and nanoparticles in the^salt solution for an 

additional period of time sufficient to allow additional oligonucleotides of each of the 
types of oligonucleotides to bind to the nanoparticles to produce th^ nanoparticle- 
oligonucleotide conjugates. 
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67. The method of claims 465 or 466 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

468. T^e method of claims 467 wherein the nanoparticles are gold 
nanoparticles. 

469. The meth^J of claims 465 or 466 wherein all of the salt is added to the 
water in a single addition. 



470. The method of claims 465 or 466 wherein the salt is added gradually over 



time. 



471. The method of clahfis 




or 466 wherein the salt is selected from the 
group consisting of sodium chloride, \ magnesium chloride, potassium chloride, 
ammonium, chloride, sodium, acetate, ammonium acetate, a combination of two or more 
of these salts, one of these salts in a phosphate\uffer, and a combination of two or more 
these salts in a phosphate buffer. 



472. The method of claim 471 wherein \he salt is sodium chloride in a 
phosphate buffer. 

473. The method of claims 465 or 466 wherein\nanoparticle-oligonucleotide 
conjugates are produced which have the oligonucleotides are^present on surface of the 
nanoparticles at a surface density of at least 10 picomoles/cm . 



474. The method of claim 473 wherein the oligonucleotides are present on 
surface of the nanoparticles at a surface density of at least 15 picomoles/cm . 
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475. The method of claim 474 wherein the oligonucleotides are present on 
surface of\he nanoparticles at a surface density of from about 15 picomoles/cm 2 to about 
40 picomoles/fem 2 . 

476. The rhethod of claim 465 wherein each of the recognition oligonucleotides 
comprises a spacer porfton and a recognition portion, the spacer portion having attached 
to it the moiety comprising a cyclic disulfide functional group which can bind to the 
nanoparticles. 

477. The method of claim\466 wherein each of the recognition oligonucleotides 
comprises a spacer portion and a recognition portion, the spacer portion having attached 
to it the moiety comprising a polytRipV functional group which can bind to the 
nanoparticles. 



478. The method of claims 
least about 10 nucleotides. 



476 or 477\wherein the spacer portion comprises at 



479. The method of claim 478 wherein the spacer portion comprises from about 
10 to about 30 nucleotides. 

480. The method of claims 476 or 477 wherein the bases of the nucleotides of 
the spacers are all adenines, all thymines, all cytosines, all uracils, or all guanines. 

481. The method of claims 476 or 477 wherein the diluent oligonucleotides 
contain about the same number of nucleotides as are contained in the spacer portions of 
the recognition oligonucleotides. 
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4k The method of claim 481 wherein the sequence of the diluent 
oligonucleotides is the same as the sequence of the spacer portions of the recognition 
oligonucleotides 

483. The\ethod of claims 476 or 477 wherein the oligonucleotides comprise 
at least two types of recognition oligonucleotides. 

484. Oligonucleotides having a covalently bound cyclic disulfide functional 
group that can bind to the nanoparticles. 

485. Oligonucleotides haying a covalently bound polythiol functional group 
that can bind to the nanoparticles. 

486. The compositions according claims 433, 435, 445, 446, 453, 465, and 
484 wherein a large hydrophobic groupN^focated between the oligonucleotide and the 
cyclic disulfide functional group. 



487. A method for detecting an analyteMn a sample comprising: 
providing a type of nanoparticle conjugate having oligonucleotides bound thereto, 
20 at least a portion of the oligonucleotides attached to the nanoparticles are bound, as a 
result of hybridization, to second oligonucleotides having a specific binding complement 

of said analyte bound thereto; 

contacting the analyte with the nanoparticle conjugate under conditions effective 
to allow specific binding interactions between the analyte and specific binding 
25 complement bound to the nanoparticle conjugate; and \ 

observing a detectable change brought about by the speWic binding interaction of 
the analyte and the specific binding complement of said analyte. 
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488. A method for detecting an analyte comprising: 

providing a type of nanoparticle conjugate having oligonucleotides bound thereto, 
at least a portion of the oligonucleotides attached to the nanoparticles are bound, as a 
result of hybridization, to a first portion of a linker oligonucleotide, the linker 
oligonucleotide having a second portion that is bound, as a result of hybridization, to 
oligonucleotides having bound thereto a specific binding complement of said analyte; 

contacting thkanalyte with a nanoparticle conjugate under conditions effective to 
allow specific binding interaction between the analyte and specific binding complement 
bound to the nanoparticle^conjugate; and 

observing a detectable change brought about by the specific binding interaction of 
the analyte and the specific binding complement of said analyte. 



489. A method for deteoMg an analyte comprising: 

providing (i) an analyte h&w&g an oligonucleotide bound thereto, (ii) a first type 
of nanoparticles having oligonucleotides bound thereto, the oligonucleotides bound to the 
first type of nanoparticles having a sequence that is complementary to the sequence of the 
oligonucleotide bound to the analyte, and (iii) a second type of nanoparticle conjugate 
having oligonucleotides bound thereto, a portion of the oligonucleotides bound to the 

second type of nanoparticle are bound, as a result of hybridization, to oligonucleotides 

\ 

having bound thereto a specific binding complement of said analyte; 

contacting the oligonucleotide bound to the analyte with the first type of 
nanoparticles under conditions effective to allow hybridization between the 
oligonucleotides bound to the analyte with the oligonucleotides attached to the first type 
of nanoparticles to form a nanoparticle analyte conjugate; 

contacting the nanoparticle analyte conjugate with a second type of nanoparticle 
conjugates under conditions effective to allow specific binding interaction between the 
analyte and specific binding complement of the second type^of nanoparticle conjugate; 
and 
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observing a detectable change brought about by the specific binding interaction of 
the analy\and the specific binding complement of said analyte. 



490. Xmethod for detecting an analyte comprising: 

providing (hi a linker oligonucleotide, the linker oligonucleotide having at least 
two portions, (iii) a firk type of nanoparticle have oligonucleotides attached thereto, a 
least a portion of the oligonucleotides bound to the first type of nanoparticles have a 
sequence that is complemenrary to a second portion of the linker oligonucleotide; (i) an 
analyte having an oUgonucleotk bound thereto, the oligonucleotide having a sequence 
complementary to the first portioWthe linker oligonucleotide; and (iv) a second type of 
nanoparticles having oligonucleotides^ound thereto, at least a portion of the 
oligonucleotides bound to the second t)fce ofJBhoparticles are bound, as a result of 
hybridization, to an oligonucleotide havinWnd thereto a specific binding complement 
of the analyte; 

contacting the linker oligonucleotide witfathe first type of nanoparticles under 
conditions effective to allow hybridization betwe\the oligonucleotide attached to the 
first type of nanoparticles with a first portion of the tinker oligonucleotide; 

contacting the linker oligonucleotide with the oWiucleotide having the analyte 
bound thereto under conditions effective to allow hybridisation between the 
oligonucleotide having analyte bound thereto with a secondSportion of the linker 

oligonucleotide; \ 

contacting the analyte bound to the first type of nanoparticles with a second type 
of nanoparticles under conditions effective to allow specific binduig interactions between 
the analyte bound to the first type of nanoparticles and the specific\inding complement 
bound to the second type of nanoparticles; and 

observing the detectable change brought about by the specific biding of the 
analyte to the specific binding complement of the analyte. 
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\491 . The method according to any one of claim 487-490, wherein the analyte is 
polyvalent and binds to two or more nanoparticle conjugates. 

492. \rhe method according to any one of claim 487-490, wherein the analyte is 
polyvalent and specifically binds to two or more nanoparticle conjugates. 

493. The metiiod according to any one of claim 487-490, wherein the 
contacting conditions include freezing and thawing. 

494. The method according to any one of claim 487-490, wherein the 
contacting conditions include heating. 

495. The method according to/Ay one of claim 487-490, wherein the 
detectable change is observed on a solid^rface. 

496. The method according id aW one of claim 487-490, wherein the 
detectable change is a color change observable w^th the naked eye. 

497. The method according to any one of claim 487-490, wherein the color 
change is observed on a solid surface. \ 

498. The method according to any one of claim 487-490, wherein the 
nanoparticles are made of gold. \ 

499. A method for detecting an analyte comprising: \ 

providing (i) a support having an analyte bound thereto and fti) a nanoparticle 
conjugate having oligonucleotides bound thereto, a least a portion of the oligonucleotides 
are bound, as a result of hybridization, to second oligonucleotides having a specific 
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bihding complement of said analyte; 

\ contacting the analyte bound to the support to the nanoparticle conjugate under 
conditions effective to allow specific binding interactions between the analyte and 
specific bmding complement bound to the nanoparticle conjugate; and 

obserWg a detectable change dependent on the specific binding of the analyte to 
the specific binakg complement of the analyte. 

500. A metlW for detecting an analyte comprising: 

providing (i) a support having a oligonucleotides bound thereto, (ii) an analyte 
having an oligonucleotide bbund thereto, the oligonucleotide bound to the analyte has a 
sequence that is complementar^to the oligonucleotides bound to the support; and (iii) a 
type of nanoparticle conjugate haVmg oligonucleotides bound thereto, at least a portion of 
the oligonucleotides bound to the n^K^article are bound, as a result of hybridization, to 
second oligonucleotides having bouncffchereto a specific binding complement of said 
analyte; \ 

contacting the oligonucleotides bound to the support with the oligonucleotide 
bound to the analyte under conditions effectives allow hybridization between the 
oligonucleotides bound to the support and the oligonucleotides bound to the analytes; 

contacting the analyte bound to the support with the nanoparticle conjugate under 
conditions effective to allow for specific binding interactions between the analyte bound 
to the support and the specific binding complement bound to the nanoparticle; and 

observing a detectable change dependent on the specific binding of the analyte to 
the specific binding complement of the analyte. \ 

501 . A method for detecting an analyte in a sample coiWising: 
providing (i) a support having oligonucleotides bound thereto, (ii) a linker 

oligonucleotide, (ii) an analyte having an oligonucleotide bound therW(iii) a type of 
nanoparticle conjugate having oligonucleotides bound thereto, whereiimt least a portion 
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olMhe oligonucleotides bound to the nanoparticle conjugate are bound, as a result of 
hybridation, to oligonucleotides having bound thereto a specific binding complement of 
said analyte, the sequence of the linker oligonucleotide having at least two portions, the 
oligonucleotides bound to the support have a sequence that is complementary to the first 
portion of the lmker oligonucleotide, the oligonucleotide bound to the analyte has a 
sequence that is complementary to the second portion of the linker oligonucleotides; 

contacting the linker oligonucleotide with the oligonucleotide bound to the 
support under conditions effective to allow hybridization between the oligonucleotides 
bound to the support with the^first portion of the linker oligonucleotide; 

contacting the linker oligonucleotide with the oligonucleotide bound to the 
analyte under conditions effective t\allow hybridization between the oligonucleotide 
bound to the analyte and the second Wttion of the linker oligonucleotide; 

contacting analyte bound to the\»p<|rt with the nanoparticle conjugate under 
conditions effective to allow specific todiminteraction between the analyte bound to 
the support and the specific binding complement bound to the nanoparticle conjugate; 

and \ 

observing a detectable change dependent onNthe specific binding of the analyte to 

the specific binding complement of the analyte. \ 

502. A method for detecting an analyte comprising: 
providing (i) a support having oligonucleotides bound\thereto, (ii) an analyte 
having oligonucleotides bound thereto, the sequence of the oligonucleotide bound to the 
analyte is complementary to the sequence of the oligonucleotides^bound the support; (iii) 
a type of nanoparticles having oligonucleotides bound thereto, at least a portion of the 
oligonucleotides attached to the nanoparticle are bound, as a result of hybridization, to a 
first portion of a linker oligonucleotide, a second portion of the linker oligonucleotide is 
further bound, as a result of hybridization, to an oligonucleotide having a\oligonucleotide 
having bound thereto a specific binding complement of said analyte; \ 



316 



V contacting the oligonucleotides bound to the support with oligonucleotide bound 
to an atadyte under conditions effective to allow hybridization between the 
oligonucleotides bound to the support with the oligonucleotides bound to the analyte; 

contacting the analyte bound to the support with the the nanoparticle conjugate 
under condition^ effective to allow specific binding interactions between the analyte 
bound to the support and the specific binding complement bound to the nanoparticle; and 

observing a detectable change dependent on the specific binding of the analyte to 
the specific binding complement of the analyte. 

503. A method foi\detecting an analyte comprising: 

providing (i) a supporthaving an analyte bound thereto, (ii) an aggregate probe 
comprising at least two types of nanoparticles having oligonucleotides bound thereto, the 
nanoparticles of the aggregate probkare bound to each other as a result of the 
hybridization of some of the oligonifel^iAes attached to them, and at least one of the 
types of nanoparticles of the aggregate pmbc have oligonucleotides attached thereto 
which are bound, as a result of hybridization, to second oligonucleotides having bound 
thereto a specific binding complement of said^analyte; 

contacting the support with the aggregat^probe under conditions effective to 
allow specific binding interactions between the analyte bound to the support and specific 
binding complement bound to the aggregate probe; md 

observing a detectable change dependent on the specific binding of the analyte to 
the specific binding complement of the analyte. 



504. A method for detecting an analyte comprising 

providing (i) a support having an oligonucleotide bound thereto; (ii) an analyte 
having an oligonucleotide bound thereto, the oligonucleotide bound to the analyte has a 
sequence that is complementary to the sequence of the oligonucleotides bound to the 
support, (iii) an aggregate probe comprising at least two types of nakoparticles having 
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oligonucleotides bound thereto, the nanoparticles of the aggregate probe are bound to 
each othXas a result of the hybridization of some of the oligonucleotides attached to 
them, and atWst one of the types of nanoparticles of the aggregate probe have 
oligonucleotides\ttached thereto which are bound, as a result of hybridization, to second 
oligonucleotides having bound thereto a specific binding complement of said analyte; 

contacting a support having oligonucleotides bound thereto with the analyte 
having an oligonucleotidebound thereto. The contacting occurs under conditions 
effective to allow hybridizatidn of the oligonucleotides bound to the analyte with the 
oligonucleotides bound to the support; and 

contacting the analyte bounV to the support with an aggregate probe under 
conditions effective to allow specificbinl ing interactions between the analyte bound to 
the support and specific binding com^ment bound to the aggregate probe; and 

observing a detectable change de^ndent on the specific binding of the analyte to 
the specific binding complement of the analyte. 



505 . A method for detecting an analyte eomprising: 

providing (i) a support having a oligonucleotides bound thereto, (ii) a linker 
oligonucleotide having at least two portions,(iii) an analyte having oligonucleotides 
bound thereto, (iv) an aggregate probe comprising at leasWo types of nanoparticles 
having oligonucleotides bound thereto, the nanoparticles ofNhe aggregate probe are 
bound to each other as a result of the hybridization of some oMhe oligonucleotides 
attached to them, at least one of the types of nanoparticles of the\aggregate probe have 
some oligonucleotides attached thereto which bound, as a result or\hybridization, to 
second oligonucleotides having bound thereto a specific binding complement of said 
analyte, the oligonucleotides bound to the support has a sequence that\is complementary 
to a first portion of the linker oligonucleotide, the oligonucleotide bound\to the analyte 
has a sequence that is complementary with the second portion of the linke> 
oligonucleotide; 



318 



^contacting the linker oligonucleotide with the oligonucleotides bound to the 
support under conditions effective to allow hybridization between the oligonucleotides 
bound to theNsupport and the first portion of the linker oligonucleotide; 

contacting the linker oligonucleotide with the oligonucleotide bound to the 
5 analyte under conditions effective to allow hybridization between the second portion of 
the linker oligonucleotide bound to the support and the oligonucleotide bound to the 
analyte; 

contacting the anal^e bound to the support with the aggregate probe under 

M' conditions effective to allow Specific binding interactions between the analyte bound to 

P ~ \ 

6 1 0 the support and specific binding N complement bound to the aggregate probe; and 

!? observing a detectable change dependent on the specific binding of the analyte to 

\ / 

C 1 the specific binding complement of thej^yte. 

SI 
OP 

f . 506. A method for detecting anSkalyte comprising: 

H : < \ 

fll 1 5 providing (i) a support having oligonucleotides bound thereto, (ii) an analyte 
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having oligonucleotide bound thereto, the oligonucleotide has a sequence that is 
complementary to the sequence of the oligonucleotides bound to the support, (iii) an 
aggregate probe comprising at least two types of nanoparticles having oligonucleotides 
bound thereto, the nanoparticles of the aggregate probkare bound to each other as a result 

20 of the hybridization of some of the oligonucleotides attached to them and at least one of 
the types of nanoparticles of the aggregate probe have some oligonucleotides attached 
thereto which bound to a first portion of a linker oligonucleotide as a result of 
hybridization, a second portion of the second linker oligonucleotide is bound, as a result 
of hybridization, to a oligonucleotide having bound thereto a specific binding 

25 complement of said analyte; \ 

contacting a support having oligonucleotides bound thereto with an 
oligonucleotide having analyte bound thereto under conditions effective to allow 
hybridization of the oligonucleotides bound to the analyte with the oligonucleotides 
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to the support; 

contacting the analyte bound to the support with the aggregate probe under 
conditions\ffective to allow specific binding interactions between the analyte bound to 
the support arid the specific binding complement bound to the aggregate probe; and 
5 observing detectable change dependent on the specific binding of the analyte to 

the specific binding complement of the analyte. 

507. A method for detecting an analyte comprising: 
M providing (i) a supporKhaving an analyte bound thereto and (ii) a nanoparticle 

5 10 conjugate having oligonucleotidesbound thereto, at least some of the oligonucleotides 
§ attached to the nanoparticle are bound, as a result of hybridization, to second 

oligonucleotides having bound thereto^ specific binding complement of said analyte; 
Q[i contacting a support having an analyte bound thereto with the nanoparticle 

^ conjugate under conditions effective to alloV specific binding interactions between the 

N 1 5 analyte bound to the support and specific bin^g/complement bound to the nanoparticle 



conjugate; 

g contacting the nanoparticle conjugate b&in^to the support with silver stain to 

produce a detectable change; and 

observing the detectable change dependent on tne specific binding of the analyte 
20 and the specific binding complement of the analyte. 

508 . A method for detecting a polyvalent analyte comprising: 
providing a nanoparticle probe having oligonucleotides t>ound thereto, at least 
some of the oligonucleotides attached to the nanoparticle are bound to a first portion of a 
25 reporter oligonucleotide as a result of hybridization, a second portion of the reporter 

oligonucleotide is bound, as a result of hybridization, to an oligonucleotide having bound 
thereto a specific binding complement of the analyte; 

contacting a polyvalent analyte with the nanoparticle probe under Conditions 
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dffective to allow specific binding interactions between the analyte and the nanoparticle 
prob\and to form an aggregated complex; 
isolating the aggregated complex; 

subjecting the aggregated complex to conditions effective to dehybridize the 
aggregated cohrolex and to release the reporter oligonucleotide; and 
detecting lor the presence of reporter oligonucleotide. 

509. A method for detecting a nucleic acid comprising: 

providing (i) one Or more types of nanoparticles having oligonucleotides bound 
thereto, the oligonucleotides bound to the nanoparticles have a sequence that is 
complementary to a first portioiW the nucleic acid and (ii) a complex comprising 
streptavidin or avidin bound, by specific binding interaction, to two or more biotin 
molecules each having oligonucleotideslAnd thereto, the oligonucleotides bound to 
biotin have a sequence that is compleiraWry to a second portion of the nucleic acid; 

contacting the nucleic acid, n Jiop&le conjugate and complex under conditions 
effective to allow hybridization of the first portion of the nucleic acid with the 
oligonucleotides bound to the nanoparticles and the second portion of the nucleic acid 
with the oligonucleotides bound to the complex; anil 

observing the detectable change resulting fromvflie hybridization of the 
nanoparticles, the complex and the nucleic acid. \ 

510. A method for detecting a nucleic acid comprising: 

providing (i) one or more types of nanoparticles havmgWonucleotides bound 
thereto, the oligonucleotides bound to the nanoparticles have a sequence that is 
complementary to a first portion of the nucleic acid, (ii) oligonucleotides having biotin 
bound thereto; the oligonucleotide bound to the biotins have a sequence\that is 
complementary to a second portion of the nucleic acid, and (iii) streptavidm or avidin; 

contacting the nucleic acid with the nanoparticle conjugate and oligonucleotide 
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\und to biotin under conditions effective to allow hybridization between the first portion 
ofthe nucleic acid with the oligonucleotides attached to the nanoparticles and the second 
portion^ the nucleic acid with the oligonucleotides attached to the biotin to form a 
complex; \ 

contacW the complex with streptavidin or avidin under conditions effective to 
allow specific binHmg interaction between the biotin bound to the complex with 
streptavidin or avidin^and 

observing the detectable change resulting from the specific binding of biotin 
bound to the complex with streptavidin or avidin. 

511. A method for detecting a nucleic acid comprising: 

providing a first type of nanopWdfl conjugate having oligonucleotides attached 
thereto, at least some ofthe oligonucleotides attached to the nanoparticles have a 
sequence that is complementary to a first j/ofction ofthe nucleic acid; 

contacting the nucleic acid with a first type of nanoparticle under conditions 
effective to allow hybridization between the oligonucleotides attached to the nanoparticle 
and the first portion of the nucleic acid; \ 

providing an oligonucleotide having a sbp member bound thereto is provided, the. 
oligonucleotide bound to the sbp member has a sequence that is complementary to the 
second portion of the sequence of the nucleic acid; \ 

contacting the nucleic acid bound to the first type of nanoparticle under conditions 
effective to allow hybridization between the oligonucleotide bourid to the sbp member 
and the second portion of the nucleic acid; \ 

providing a second type of nanoparticle conjugate having oligonucleotides bound 
thereto is provided, at least a portion ofthe oligonucleotides bound to thWond type of 
nanoparticle are bound, as a result of hybridization, to oligonucleotides haW bound 
thereto a specific binding complement of said analyte; \ 

contacting the nucleic acid bound to the first type of nanoparticle and die 
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oligonucleotide bound to the sbp member with the oligonucleotides bound to the second 
type of na^particles under conditions effective to allow specific binding interaction 
between thelbp member bound to the first type of nanoparticle and the sbp complement 
bound to the second type of nanoparticle; and 

observing th^etectable change resulting from the specific binding of biotin with 

streptavidin or avidin. 

512. The memod \cording to claim 511, wherein the sbp member is biotin. 

513. The method according to claim 5 11, wherein the sb complement is 
streptavidin or avidin. 



514. A method for detectin#imicleic acid comprising: 
providing a support having oTigof ucleotides bound thereto, the oligonucleotides 

bound to the support have a sequence that is\omplementary to the first portion of the 

nucleic acid; 

contacting the nucleic acid with a supportxhaving oligonucleotides bound thereto 
under conditions effective to allow hybridization between the oligonucleotides bound to 
the support with the first portion of the nucleic acid; 

providing an oligonucleotide having a sbp member bound thereto, the 
oligonucleotide bound to the sbp member has a sequence^ is complementary to the 
second portion of the nucleic acid; 

contacting the nucleic acid bound to the support withNhe oligonucleotide bound to 
the sbp member under conditions effective to allow hybridizatiWi between the 
oligonucleotide bound to the sbp member and the second portiorW the nucleic acid; 

providing a type of nanoparticle conjugate having oligonucleotides bound thereto, 
at least a portion of the oligonucleotides bound to the nanoparticle cVjugate are bound, 
i result of hybridization, to oligonucleotides having bound thereto V specific binding 



asai 
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complement of said sbp member; 

exacting the sbp member bound to the support with the nanoparticle conjugate 
under condkVis effective to allow specific binding interaction between the sbp member 
bound to the suWt and the specific binding complement bound to the nanoparticle; and 

observing\detectable change dependent on the specific binding of the sbp 
member and the specific binding complement. 

515. The memo\according to claim 514, wherein the sbp member is 
streptavidin or avidin. \ 

516. The method according to claim 514, wherein the sb complement is biotin. 

517. A method for detecti^fchlucleic acid comprising: 

providing a nanoparticle conjugate having oligonucleotides attached thereto, at 
least some of the oligonucleotides attached^) the nanoparticles have a sequence that is 
complementary to the first portion of the nutfeic acid; 

contacting a nucleic acid with the oligonucleotides bound to the nanoparticle 
conjugate under conditions effective to allow hybridization of the oligonucleotides bound 
to the nanoparticles with the first portion of the nucleic acid; 
providing an oligonucleotide having sbp member bound thereto, the oligonucleotide 
bound to the sbp member has a sequence that is complementary to the second portion of 

the nucleic acid; \ 

contacting the nucleic acid with the oligonucleotide having the sbp member under 
conditions effective to allow hybridization between the oligoriucleotide having the sbp 

member and the nucleic acid; \ 

providing a support having bound thereto a specific bindita complement of the 

sbp member; \ 

contacting the support with the sbp member bound to the nanVarticle under 
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iditions effective to allow specific binding interactions to occur between the sbp 
member and the sb complement bound to the support; and 

observing a detectable event dependent on the specific binding of the sbp member 
and the sb\omplement of the sbp member. 

518. TKe method according to claim 5 1 7, wherein the sbp member is biotin. 



519. Them 
strepavidin or avidin. 



lod according to claim 517, wherein the sb complement is 



a nucleic acid comprising: 
gonucleotides bound thereto, the oligonucleotides 
at is complementary to a first portion of the nucleic 



520. A method for dt 

providing a support havir 
bound the support have a sequ^ 
acid; 

contacting the nucleic acid with thV support under conditions effective to allow 
hybridization between the oligonucleotides fcound to the support and the first portion of 
the nucleic acid; 

providing an oligonucleotide having a sbWmber bound thereto, the 
oligonucleotide bound to the sbp member has a seoWe that is complementary with the 
second portion of the nucleic acid; 

contacting the nucleic acid bound to the supporVith the oligonucleotide bound to 
the sbp member under conditions effective to allow hybridation between the second 
portion of the nucleic acid bound to the support and the oligonucleotide bound to the sbp 
member; 

providing an aggregate probe comprising at least two tyfres of nanoparticles 
having oligonucleotides bound thereto, the nanoparticles of the aggregate probe are 
bound to each other as a result of the hybridization of some of the oligonucleotides 
attached to them and at least one of the types of nanoparticles of the Wregate probe have 



325 



le oligonucleotides attached thereto which bound, as a result of hybridization, to 
aucleotides having bound thereto a specific binding complement of said sbp 
member^ 

contacting the sbp member bound to the support with the aggregate probe under 
conditions effective to allow specific binding interactions between the sbp member bound 
to the support and\ecific binding complement bound to the aggregate probe; and 

observing a deWable change dependent on the specific binding of the sbp 
member and the sb complement of the sbp member. 



521. The method according to claim 520, wherein the sbp member is biotin. 



522. The method according^ 
strepavidin or avidin. 



c laim 520, wherein the sb complement is 



523 . A method for detecting a nucleic acid comprising: 
providing (i) an aggregate probe comprMng at least two types of nanoparticles 
having oligonucleotides bound thereto, the nanoparticles of the aggregate probe are 
bound to each other as a result of the hybridization of some of the oligonucleotides 
attached to them and at least one of the types of nanopVticles of the aggregate probe have 
some oligonucleotides attached thereto which are complementary to a first portion of the 
nucleic acid, and (ii) an oligonucleotide having sbp member, the oligonucleotide having 
an sbp member bound thereto has a sequence that is complementary to the second portion 
of the nucleic acid; 

contacting the nucleic acid with an aggregate probe undeWiditions effective to 
allow hybridization between a portion of the oligonucleotides bouiM to the aggregate 
probe with the first portion of the nucleic acid under conditions effective to allow 
hybridization between the oligonucleotides bound to the aggregate prot^ with the first 
portion of the nucleic acid; 
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mtacting the nucleic acid with an oligonucleotide having sbp member, the 
oligonucleotide having an sbp member bound thereto has a sequence that is 
complementary to the second portion of the nucleic acid under conditions effective to 
allow hybridization between the oligonucleotides bound the the sbp members with the 
second portion of the nucleic acid; 

providing a support having bound thereto a specific binding complement of the 

sbp member; 

contacting the specrfk binding complement bound to the support with the sbp 
member bound to the aggregaV probe under conditions effective to allow specific 
binding interactions to occur between the sbp member bound to the aggregate probe and 
the sb complement bound to the support; and 



observing a detectable event 
and the sb complement. 



defendant on the specific binding of the sbp member 



524. The method according to 
streptavidin or avidin. 



laim\23, wherein the sbp member is 



525. The method according to claim 523, wherein the sb complement is biotin. 

526. The method according to any one of ClaimsV99-525, wherein the substrate 
has a plurality of types of oligonucleotides attached to it V an array to allow for the 
detection of multiple portions of a single nucleic acid, the detection of multiple different 
nucleic acids, or both. 

527. The method according to any one of Claims 49^-525, wherein the 
substrate is a transparent substrate or an opaque white substrate. 

528. The method according to any one of Claims 499-521 wherein the 
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detestable change is the formation of dark areas on the substrate. 

52\ The method according to any one of Claims 499-525, wherein the 
nanoparticles are made of gold. 

530. The fnethod according to any one of Claims 498-523, wherein the 
substrate is contacted with silver stain to produce the detectable change. 

531 The method according to any one of Claims 498-523, wherein the 
detectable change is observed with an optical scanner. 

532. A nanoparticle conjugat| for detecting an analyte comprising: 

(i) nanoparticles havingyiigaiucleotides bound thereto; and 

(ii) oligonucleotide having biundthereto a specific binding complement of an 
analyte, the oligonucleotides having the specificbinding complement bound thereto have 
a sequence that is complementary to at least a portion of the oligonucleotides bound to 
the nanoparticles and are bound, as a result of hybridization, to at least a portion of the 
oligonucleotides bound to the nanoparticles. 

533. A nanoparticle conjugate for detecting an analyte comprising: 

(i) nanoparticles having oligonucleotides bound thereto; 

(ii) oligonucleotide having bound thereto a specific bmding complement of an 
analyte member; and 

(iii) a linker oligonucleotide having at least two portions,^ first portion of the 
linker oligonucleonucleotide is bound, as a result of hybridization, to toe oligonucleotides 
bound to the nanoparticle and a second portion of the linker oligonucleotide is bound, as 
a result of hybridization, to the oligonucleotides having bound thereto a Specific binding 
complement of an analyte. 
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534. An aggregate probe for detecting an analyte comprising: 

(i) \ at least two types of nanoparticles having oligonucleotides bound thereto, 
the nanoparticles of the aggregate probe are bound to each other as a result of the 
hybridization of stole of the oligonucleotides attached to them; and 

(ii) oligonucleotides having bound thereto a specific binding complement of 
an analyte, the oligonucleotides having the specific binding complement bound thereto 
are bound, as a result of hybridization, to oligonucleotides of at least one of the types of 
nanoparticles of the aggregate probe. 

535. An aggregate probkfor detecting an analyte comprising: 

(i) at least two types of nanoparticles having oligonucleotides bound thereto, 
the nanoparticles of the aggregate probe a^d bound to each other as a result of the 
hybridization of some of the oligonucleBMes attached to them; 

(ii) oligonucleotides havin/baphd thereto a specific binding complement of 

an analyte; and ' \ 

(iii) a linker oligonucleotide having atUeast two portions, a first portion of the 
linker oligonucleonucleotide is bound, as a result of hybridization, to oligonucleotides of 
at least one of the types of nanoparticles of the aggregate probe; and a second portion of 
the linker oligonucleotide is bound, as a result of hybridization, to the oligonucleotides 
having bound thereto a specific binding complement of an analyte. 

536. A method for preparing a nanoprobe conjugatVfor detecting an analyte 

comprising: \ 

providing (i) a nanoparticle conjugate having oligonucleotides bound thereto and 
(ii) a oligonucleotides having bound thereto a specific binding complement of an analyte, 
at least a portion of the oligonucleotides bound to the nanoparticles have a sequence that 
is complementary to the sequence of the oligonucleotides bound to the Specific binding 
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complement, and 

contacting the oligonucleotides attached to the nanoparticle conjugate with the 
oligonucleotides bound to the specific binding complement under conditions effective to 
allow hybridization between the oligonucleotides bound to the nanoparticles with the 
oligonucleotides bWid to the specific binding complement. 

537. A kit fordetecting an analyte comprising 

(a) at least one container holding nanoparticle conjugates comprising (i) 
nanoparticles having oligonucleotides bound thereto; and (ii) oligonucleotide having 
bound thereto a specific binding\omplement of an analyte, the oligonucleotides having 
the specific binding pair member have a sequence that is complementary to at least a 
portion of the oligonucleotides bound to the /4ioparticles and are bound, as a result of 
hybridization, to at least a portion of me^gonLcleotides bound to the nanoparticles; and 

(b) an optional support for ojeseWfltg a detectable change. 

538. A kit for detecting an analyte comprising 

(a) at least one container holding nanoparticle conjugates comprising 

(i) nanoparticles having oligonucleotidesdjound thereto; 

(ii) oligonucleotide having bound thereto aWcific binding complement of an 
analyte member; and \ 

(iii) a linker oligonucleotide having at least two Wtions, a first portion of the 
linker oligonucleonucleotide is bound, as a result of hybridization, to the oligonucleotides 
bound to the nanoparticle and a second portion of the linker oligonucleotide is bound, as 
a result of hybridization, to the oligonucleotides having bound thereto a specific binding 
complement of an analyte; and \ 

(b) an optional support for observing a detectable change\ 

539. A kit for detecting an analyte comprising \ 
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(b) \ at least one container holding aggregate probes comprising 

(i) \t least two types of nanoparticles having oligonucleotides bound thereto, 
the nanoparticlesV the aggregate probe are bound to each other as a result of the 
hybridization of some of the oligonucleotides attached to them; and 

(ii) oligonucleotides having bound thereto a specific binding complement of 
an analyte, the oligonucleotides having the specific binding complement bound thereto 
are bound, as a result of hybridization, to oligonucleotides of at least one of the types of 
nanoparticles of the aggregatejwobe; and 

(b) an optional support for observing a detectable change. 

540. A kit for detecting an aifalyte comprising 

(a) at least one contain^mo/ding aggregate probes comprising 

(i) at least two types <fi nariStaarticles having oligonucleotides bound thereto, 
the nanoparticles of the aggregate probe iire bound to each other as a result of the 
hybridization of some of the oligonucleotides attached to them; 

(ii) oligonucleotides having bound^thereto a specific binding complement of 

an analyte; and 

(iii) a linker oligonucleotide having at Wit two portions, a first portion of the 
linker oligonucleonucleotide is bound, as a result oWbridization, to oligonucleotides of 
at least one of the types of nanoparticles of the aggregate probe; and a second portion of 
the linker oligonucleotide is bound, as a result of hybri&zation, to the oligonucleotides 
having bound thereto a specific binding complement of dn analyte; and 

(b) an optional support for observing a detectable change. 



541. A kit for detecting an analyte comprising: 

(a) at least one container holding a type of nanopartlele conjugates comprising 
nanoparticles having oligonucleotides bound thereto; 

(b) a container holding oligonucleotide having bound fe^ereto a specific 
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bindin^complement of an analyte, the oligonucleotides having bound thereto the specific 
binding pW member have a sequence that is complementary to at least a portion of the 
oligonucleotides bound to the nanoparticles; and 

(c) an optional support for observing a detectable change. 

542. A kit for detecting an analyte comprising 

(a) at least one container holding nanoparticle conjugates comprising 
nanoparticles having oligonucleotides bound thereto; 

(b) a container hoJding oligonucleotide having bound thereto a specific 
binding complement orvan analyte member; 

(c) a container holding a/linker oligonucleotide having at least two portions, a 
first portion of the linker oligonucje/nlcleotide is complementary to at least a portion of 
the oligonucleotides bound to the tffasfc particle and a second portion of the linker 
oligonucleotide is complementaW to tl id\pligonucleotides having bound thereto a specific 
binding complement of an analyte; and \ 

(d) an optional support for observing a detectable change. 

543 . A kit for detecting an analyte conrorising 

(a) at least one container holding aggregate probes comprising at least two 
types of nanoparticles having oligonucleotides bound thereto, the nanoparticles of 
the aggregate probe are bound to each other as>a result of the hybridization of 
some of the oligonucleotides attached to them; 

(b) a container holding oligonucleotides having bound thereto a specific 
binding complement of an analyte, the oligonucleotides havmg bound thereto the specific 
binding complement are complementary to oligonucleotides of at least one of the types of 
nanoparticles of the aggregate probe; and 

(c) an optional support for observing a detectable change. 
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544\ A kit for detecting an analyte comprising 

(a) \t least one container holding aggregate probes comprising at least two 
types of\anoparticles having oligonucleotides bound thereto, the nanoparticles of 
the aggregXprobe are bound to each other as a result of the hybridization of 
some of the oligonucleotides attached to them; 

(b) a containeKholding oligonucleotides having bound thereto a specific 
binding complement of an analyte; 

(c) a container holding a linker oligonucleotide having at least two portions, a 
first portion of the linker oligonucleonucleotide has a sequence that is complementary to 
oligonucleotides of at least one of th\types of nanoparticles of the aggregate probe; and 
a second portion of the linker oligonucleotide has a sequence that is complementary to 
the oligonucleotides having bound there\a specific binding complement of an analyte; 
and 

(d) an optional support for observes/ a detectable change. 

545 . A kit for detecting an analyte comprising: 

(a) at least one container holding a type of nanoparticle conjugates comprising 
nanoparticles having oligonucleotides bound thereto; \ 

(b) a container holding oligonucleotide having covalently bound thereto a 
functional group for binding a specific binding complement of an analyte, the 
oligonucleotides having the bound functional group have a sequence that is 
complementary to at least a portion of the oligonucleotides bound to the nanoparticles; 

and 

(c) an optional support for observing a detectable change. 

546. A kit for detecting an analyte comprising 
(a) at least one container holding nanoparticle conjugates comprising 

nanoparticles having oligonucleotides bound thereto; 
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(W a container holding oligonucleotide having covalently bound thereto a 
functional group for binding a specific binding complement of an analyte; 

(c) \container holding a linker oligonucleotide having at least two portions, a 
first portion of theNHnker oligonucleonucleotide is complementary to at least a portion of 
the oligonucleotides bound to the nanoparticle and a second portion of the linker 
oligonucleotide is complementary to the oligonucleotides having the bound functional 

group; and \ 

(d) an optional support for observing a detectable change. 

547. A kit for detecting^ analyte comprising 

(a) at least one container^holding aggregate probes comprising at least two 
types of nanoparticles having oligonucleotides bound thereto, the nanoparticles of 
the aggregate probe are bound^o&ch otheKas a result of the hybridization of 
some of the oligonucleotides attached to tpem; 

(b) a container holdmg oligonucle^de having covalently bound thereto a 
functional group for binding a £p$ci&cj^m complement of an analyte, the 
oligonucleotides having the functional group have asequence that is complementary to 
oligonucleotides of at least one of the typ«S of nanoparticles of the aggregate probe; and 

(c) an optional support for observing a detectable change. 



548. A kit for detecting an analyte comprising 

(a) at least one container holding aggregate probe^comprising at least two 
types of nanoparticles having oligonucleotides bound thereto, the nanoparticles of 
the aggregate probe are bound to each other as a result oftjie hybridization of 
some of the oligonucleotides attached to them; 

(b) a container holding oligonucleotide having covalentlyWnd thereto a 
functional group for binding a specific binding complement of an analyte; 

(c) a container holding a linker oligonucleotide having at least^two portions, a 
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first portion of the linker oligonucleonucleotide has a sequence that is complementary to 
oligonucleotides of at least one of the types of nanoparticles of the aggregate probe; and 
a second portfcm of the linker oligonucleotide has a sequence that is complementary to 
the oligonucleotides having the functional group bound thereto; and 
(d) an optional support for observing a detectable change. 

549. A kit for delecting an analyte comprising: 

a substrate haVing oligonucleotides attached thereto; 
an oligonucleotide having a covalently bound thereto a functional group 
for binding a specific binding cornplement of an analyte, the oligonucleotide bound to 
the functional group having a sequence thk is complementary to the oligonucleotides 

bound to the substrate; and MJ 

a nanoparticle conjugate ditoiprising (i) nanoparticles having 
oligonucleotides bound thereto; and (ii) ^nucleotide having bound thereto a specific 
binding complement of an analyte, the oligonucleotides having bound thereto the specific 
binding complement have a sequence that is complementary to at least a portion of the 
oligonucleotides bound to the nanoparticles and arebound, as a result of hybridization, 
to at least a portion of the oligonucleotides bound to the nanoparticles. 



550. A kit for detecting an analyte comprising^ 

a substrate having oligonucleotides attached\thereto; 
an oligonucleotide having a covalently boundWreto a functional group 
for binding a specific binding complement of an analyte, the oligonucleotide bound to 
the functional group having a sequence that is complementary to\the oligonucleotides 

bound to the substrate; and 

nanoparticle conjugates comprising (i) nanoparticles Wing 
oligonucleotides bound thereto; (ii) oligonucleotide having bound theteto a specific 
binding complement of the sbp member; and (iii) a linker oligonucleotide having at least 
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two iWtions, a first portion of the linker oligonucleonucleotide is bound, as a result of 
hybridization, to the oligonucleotides bound to the nanoparticle and a second portion of 
the linker oligonucleotide is bound, as a result of hybridization, to the oligonucleotides 
having boundShereto a specific binding complement of an analyte. 

551. A kMor detecting a nucleic acid comprising: 

a substfate having oligonucleotides attached thereto, the oligonucleotides 
bound to the substate ha\a sequence that is complementary to a first portion of the 
nucleic acid; 

an oligonucleotide having an sbp member bound thereto, the 
oligonucleotide having a sequence that is complementary to a second portion of the 

nucleic acid; and \ 

a nanoparticle conjugate comprising (i) nanoparticles having 
oligonucleotides bound thereto; and (i^Wonucleotide having bound thereto a specific 
binding complement of an sbp memjffer, thLligonucleotides having bound thereto the 
specific binding complement have a sequence that is complementary to at least a portion 
of the oligonucleotides bound to the nanoparticles and are bound, as a result of 
hybridization, to at least a portion of the oligonucleotides bound to the nanoparticles. 

552 . The kit according to claim 5 5 1 wherein the sbp member is biotin. 

553. The kit according to claim 551 wherein the v specific binding complement 
of the sbp member is streptavidin or avidin. 

554. A kit for detecting a nucleic acid comprising: 
a substrate having oligonucleotides attached thereto, tiVoHgonucleotides bound 

to the substate have a sequence that is complementary to a first portion of the nucleic 
acid; 
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a oligonucleotide having an sbp member bound thereto, the oligonucleotide 
having the bound sbp member having a sequence that is complementary to a second 
portion of the nucleic acid; and 

nanoparticl\conjugates comprising (i) nanoparticles having oligonucleotides 
5 bound thereto; (ii) oligonucleotide having bound thereto a specific binding complement 
of the sbp member; and\iii) a linker oligonucleotide having at least two portions, a first 
portion of the linker oligortucleonucleotide is bound, as a result of hybridization, to the 
oligonucleotides bound to thVnanoparticle and a second portion of the linker 
oligonucleotide is bound, as a result of hybridization, to the oligonucleotides having 
10 bound thereto a specific binding complement of an analyte. 



f 

£ ! 555. The kit according to cMn /54, wherein the sbp member is biotin. 

Ni ^ 

DD 

p 556. The kit according to claim 554, wherein the specific binding complement 

^ 1 5 of the sbp member is streptavidin or avidin. 

D 



557. A kit for detecting an analyte comprising: 

a substrate having oligonucleotides attacheckthereto; 

an oligonucleotide having a covalently boundNthereto a functional group for 
20 binding an analyte, the oligonucleotide bound to the functional group having a sequence 
that is complementary to the oligonucleotides bound to the substrate; and 

an aggregate probe comprising: (i) at least two type^of nanoparticles having 
oligonucleotides bound thereto, the nanoparticles of the aggregate probe are bound to 
each other as a result of the hybridization of some of the oligonucleotides attached to 
25 them; and (ii) oligonucleotides having bound thereto a specificVinding complement of 
an analyte, the oligonucleotides having bound thereto a specific bidding complement of 
an analyte are further bound, as a result of hybridization, to oligonucleotides of at least 
one of the types of nanoparticles of the aggregate probe. 
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\58. A kit for detecting an analyte comprising: 

a substrate having oligonucleotides attached thereto; 

an oligonucleotide having a covalently bound thereto a functional group for 
binding an analyse oligonucleotide bound to the functional group having a sequence 
that is complementary^ the oligonucleotides bound to the substrate; and 

an aggregate probe comprising: (i) at least two types of nanoparticles having 
oligonucleotides bound thereto, the nanoparticles of the aggregate probe are bound to 
each other as a result of the hybridization of some of the oligonucleotides attached to 
them; (ii) oligonucleotides having bound thereto a specific binding complement of an 
analyte; and (iii) a linker oligonucleotide having at least two portions, a first portion of 
the linker oligonucleonucleotide is boW as a result of hybridization, to oligonucleotides 
of at least one of the types of nanoparticWoithe aggregate probe; and a second portion 
of the linker oligonucleotide is bound^^4ult of hybridization, to the oligonucleotides 
having bound thereto a specific bindmg complement of an analyte. 

559. A kit for detecting a nucleic acid comprising: 

a substrate having oligonucleotides attached thereto, the oligonucleotides 
bound to the substate have a sequence that is complementary to a first portion of the 

nucleic acid; \ 

an oligonucleotide having an sbp member bound thereto, the 
oligonucleotide having a sequence that is complementary to a\second portion of the 
nucleic acid; and 

an aggregate probe for detecting an analyte comprising: (i) at least two 
types of nanoparticles having oligonucleotides bound thereto, the nanoparticles of the 
aggregate probe are bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to them; and (ii) oligonucleotides having Bound thereto a 
specific binding complement of the sbp member, the oligonucleotides having bound 
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v thereto a specific binding complement are bound, as a result of hybridization, to 
^nucleotides of at least one of the types of nanoparticles of the aggregate probe. 

50. The kit according to claim 559 wherein the sbp member is biotin. 

561 . \he kit according to claim 559 wherein the specific binding complement 
of the sbp membersis streptavidin or avidin. 

562. A kit for detecting a nucleic acid comprising: 
1 0 a substrate having oligonucleotides attached thereto, the oligonucleotides bound 

to the substate have a sequencexthat is complementary to a first portion of the nucleic 
acid; 

a oligonucleotide having an sbp number bound thereto, the oligonucleotide 
having the bound sbp member having^gjfuence that is complementary to a second 

1 5 portion of the nucleic acid; and 

aggregate probes comprising (i) at least two types of nanoparticles having 
oligonucleotides bound thereto, the nanoparticlesof the aggregate probe are bound to 
each other as a result of the hybridization of some\f the oligonucleotides attached to 
them; (ii) oligonucleotides having bound thereto a specific binding complement of an 

20 analyte; and (iii) a linker oligonucleotide having at least^vo portions, a first portion of 
the linker oligonucleonucleotide is bound, as a result of hybridization, to oligonucleotides 
of at least one of the types of nanoparticles of the aggregate probe; and a second portion 
of the linker oligonucleotide is bound, as a result of hybridization, to the oligonucleotides 
having bound thereto a specific binding complement 
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t of an sbp member. 



563 . The kit according to claim 562 wherein the sbp members biotin. 

564. The kit according to claim 562 wherein the specific binding complement 



339 



of m\sbp member is streptavidin or avidin. 

565\ A method for nanofabrication comprising: 

providing at least one type of linking oligonucleotide having a selected sequence, 
5 the sequence of each type of linking oligonucleotide having at least two portions; 

providing one or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each type of nanoparticles having a sequence 
complementary to a first portion of the sequence of a linking oligonucleotide; 

providing a complexVomprised of strepavidin or avidin bound to two or more 
0 1 0 biotin molecules, each having\oligonucleotide bound thereto, the oligonucleotides 
(El bound to the biotin molecules have^a sequence complementary to a second portion of the 

* sequence of the linking oligonucleotide; and 

W contacting the linking oligonucteoti^s, complex, and nanoparticles under 

[a conditions effective to allow hybridizai^n^the oligonucleotides on the nanoparticles 

J 15 and the first oligonucleotides bound /the/biotin to the linking oligonucleotides so that a 

SI desired nanomaterials or nanostructure is formed. 

D \ 

566. A method of nanofabrication compri^ng: 
providing (i) at least one type of linking oligonucleotide having a selected 
20 sequence, the sequence of each type of linking oligonucleotide having at least two 

portions; (ii) at least two types of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides on the first type of nanoparticles have aNsequence complementary to 
that of the oligonucleotides on the second type of nanoparticlekand a sequence that is 
complementary to the first portion of the sequence of the linkingNoligonucleotides, the 
25 oligonucleotides on the second type of nanoparticles have a sequence complementary to 
that of the oligonucleotides on the first type of nanoparticle-oligonudjeotide conjugates 
and a sequence that is complementary to the first portion of the sequence of the linking 
oligonucleotide; and (iii) a complex comprised of strepavidin or avidin bound to two or 
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lore biotin molecules, each having an oligonucleotide bound thereto, the oligonucleotide 
id to the biotin molecule has a sequence that is complementary to the second portion 
of the linking oligonucleotide; and 

contacting the first and second types of nanoparticles, the linking 
5 oligonucleotides, and the complex under conditions effective to allow hybridization of 
the oligonucleotides on the nanoparticles to each other and to the linking oligonucleotide 
and the hybridizauonof the oligonucleotides of the complexes to the linking 
oligonucleotides so tha\a desired nanomaterials or nanostructure is formed. 

10 567. A method of nanofabrication comprising: 

providing (a) at least onfetype of linking oligonucleotide having a selected 
sequence, the sequence of each type of linking oligonucleotide having at least two 
portions; (b) one or more types of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides on each type of nanoparticles having a sequence complementary to a 

1 5 first portion of the sequence of a linking oWnlicleotide; (c) biotin having a 

oligonucleotide bound thereto, the oligonAo/ide bound to the biotin has a sequence 
complementary to a second portion of^ne seqQfence of the linking oligonucleotide; and 
(d) strepavidin or avidin; 

contacting the linking oligonucleotides, biotin having an oligonucleotide bound 

20 thereto, and nanoparticles under conditions effective tV allow hybridization of the 

oligonucleotides on the nanoparticles and the oligonucleotides bound to the biotin to the 
linking oligonucleotides to produce a complex; and 

contacting the complex with streptavidin or avidin urider conditions effective to 
allow specific binding interaction between biotin and streptavidhi or avidin so that a 

25 desired nanomaterials or nanostructure is formed. 



568. A nanomaterial produced by the method comprising: 
providing (i) at least one type of linking oligonucleotide having^ selected 
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sequence, the sequence of each type of linking oligonucleotide having at least two 
portions*: (ii) at least two types of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides on the first type of nanoparticles have a sequence complementary to 
that of the oligonucleotides on the second type of nanoparticles and a sequence that is 
5 complementary flsr the first portion of the sequence of the linking oligonucleotides, the 
oligonucleotides oirthe second type of nanoparticles have a sequence complementary to 
that of the oligonucleohdes on the first type of nanoparticle-oligonucleotide conjugates 
and a sequence that is complementary to the first portion of the sequence of the linking 
oligonucleotide; and (iii) a complex comprised of strepavidin or avidin bound to two or 
0 10 more biotin molecules, each having an oligonucleotide bound thereto, the oligonucleotide 
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bound to the biotin molecule has asequence that is complementary to the second portion 
of the linking oligonucleotide; and \^ L 

contacting the first and second tj^gfo - nanoparticles, the linking 
oligonucleotides, and the complex undepo^ jtions effective to allow hybridization of 
the oligonucleotides on the nanoparticles to eateJi other and to the linking oligonucleotide 
and the hybridization of the oligonucleotides of me complexes to the linking 
oligonucleotides so that a desired nanomaterials or iianostructure is formed. 



569. A nanomaterial produced by the method comprising: 
20 providing (a) at least one type of linking oligonucleotide having a selected 

sequence, the sequence of each type of linking oligonucleotide having at least two 
portions; (b) one or more types of nanoparticles having oligonucleotides attached thereto, 
the oligonucleotides on each type of nanoparticles having a sequence complementary to a 
first portion of the sequence of a linking oligonucleotide; (c) biotin having a 
25 oligonucleotide bound thereto, the oligonucleotide bound to the biotinvhas a sequence 
complementary to a second portion of the sequence of the linking oligonucleotide; and 
(d) strepavidin or avidin; 

contacting the linking oligonucleotides, biotin having an oligonucleotide bound 
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thereto, and nanoparticles under conditions effective to allow hybridization of the 
oligonucleotides on the nanoparticles and the oligonucleotides bound to the biotin to the 
linkinkoligonucleotides to produce a complex; and 

contacting the complex with streptavidin or avidin under conditions effective to 
allow specific binding interaction between biotin and streptavidin or avidin so that a 
desired nanomaterials or nanostructure is formed. 

570. A method of separating a selected target nucleic acid having at least two 
portions from other nucl^ acids comprising: 

providing (a) one orWre types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides oXeach of the types of nanoparticles having a sequence 
complementary to the sequence oMie first portion of the selected nucleic acid; (b) a 
complex comprised of strepavidin orWdin bound to two or more biotin molecules, each 
having a first oligonucleotide bound tlifeo$), the first oligonucleotide having a sequence 
complementary to the sequence of the^ecjhd portion of the selected nucleic acid; 

contacting the selected nucleic acid another nucleic acids with the nanoparticles 
under conditions effective to allow hybridizationof the oligonucleotides on the 
nanoparticles and the first oligonucleotides of the cdmplex with the selected nucleic acid 
and subsequent formation of an aggregate; and \ 

separating out the aggregate including the selected\nucleic acid. 

571. A method of separating a selected nucleic acid having at least two portions 
from other nucleic acids comprising: \ 

providing (a) one or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticles having a sequence 
complementary to the sequence of the first portion of the selected nucleic acid; (b) biotin 
having a oligonucleotide bound thereto, the oligonucleotide having a sequence 
complementary to the sequence of the second portion of the selected nucleiV acid; and (c) 
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Wpavidin or avidin; 

\ contacting the selected nucleic acid and other nucleic acids with the nanoparticles 
and bW having oligonucleotides bound thereto under conditions effective to allow 
hybridization of the oligonucleotides on the nanoparticles and the oligonucleotides of the 
biotin consWt with the selected nucleic acid and produce a complex; 

contacting the complex with streptavidin or avidin under conditions effective to 
allow specific binding interactions between the biotin and streptavidin or avidin and 
subsequent formatio^ of an aggregate; and 

separating out the aggregate including the selected nucleic acid. 

572. A method fo\accelerating movement of a nanoparticle to an electrode 
surface comprising the stepsVf: 

providing at least one type of nanoparticle bound to a charged first member of a 
specific binding pair and an electrode surface including a second member of a specific 

binding pair; \ A 

contacting the nanoparticle an&Me surface under conditions effective to allow 
binding between the first and the secondhiembers of the specific binding pair; and 

subjecting the nanoparticle to an electrical field so as to accelerate movement of 
the nanoparticle to the surface and facilitate bidding between the first and second 
members of the binding pair. \ 

573. The method of claim 572 wherein theNspecific binding pair comprises an 

antibody/antigen. \ 

574. The method of claim 5 72 wherein the specific binding pair comprises a 

receptor/ligand. \ 

575. A method of detecting a nucleic acid bound td\an electrode surface, the 

nucleic acid having one or more portions comprising: \ 

providing one or more types of nanoparticles having oligonucleotides attached 
thereto, the oligonucleotides on each of the types of nanoparticlesVaving a sequence 
complementary to the sequence of one of the portions of the nucleicNacid; 
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\ contacting the nucleic acid and the nanoparticles under conditions effective to 
allow Hybridization of the oligonucleotides on the nanoparticles with the nucleic acid; 

subjecting the nanoparticle to an electrical field so as to accelerate movement of 
the nanoparticle to the surface; and 

observing a detectable change. 

576. The method according to claim 575 wherein the nucleic acid has a least 

two portions. \ 

577. A method of detecting nucleic acid bound to a surface, the nucleic acid 
having at one or more portions comprising: 

contacting the nucleic acid with at least two types of nanoparticles having 
oligonucleotides attached thereto, the oligonucleotides on the first type of nanoparticles 
having a sequence complementary to a first portion of the sequence of the nucleic acid, 
the oligonucleotides on the second type of nanoparticles having a sequence 
complementary to a second portion^ the sequence of the nucleic acid, the contacting 
taking place under conditions effe$R<Jto allow hybridization of the oligonucleotides on 
the nanoparticles with the nucleic acid\ 

subjecting the nanoparticle to anelectrical field so as to accelerate movement of 
the nanoparticle to the surface; and \ 

observing a detectable change broughtyabout by hybridization of the 
oligonucleotides on the nanoparticles with the nucleic acid. 

578. The method according to claim 577 whereinNhe nucleic acid has at least two 
portions. \ 

579. The method of Claim 577 wherein the contacting conditions include freezing and 
thawing. \ 

580. The method of Claim 577 wherein the contacting conditionsViclude heating. 
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fan 577 wherein the detectable change is observed on a solid 



581NThe method of Claim 
surface, 

582. The method of Claim 577 wherein the detectable change is a color change 
observable with the naked eye. 



583. The method of Claim 



582 wherein the color change is observed on a solid surface. 



10 584. The 



method of Clahn5\7 wherein the nanoparticles are made of gold. 



585 The method of Claim 577 wherein the nanoparticles are metallic or semiconductor 
nanoparticles and the oligonucleotides arched to the nanoparticles are labeled wuh 



fluorescent 



molecules on the ends noshed to the nanoparticles. 



1 5 586. The method according to cla 
portions. 



wherein the nucleic acid has at least two 
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587 The method of Claim 586 wherein: 

the nucleic acid has a third portion locatWtween the first and second porhons, 
and the sequences of the oligonucleotides on the Voparticles do not include sequences 
complementary to this third portion of the nucleic aW and 
the nucleic acid is further contacted with a filler ohgoWleotide having a sequence 
complementary to this ^^rt**^^*"^^^"*" 
conditions effective to allow hybridization of the filler 0^" with the nucle.c 

acid. 



588. The method of Claim 577 wherein the nucleic acid is vira* 



IA orDNA. 
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3»\ method of Claim 577 wherein the nucleic acid is a gene associated with a 
disease. 

590. The meftW Claim 577 wherein the nncleic acid is a bacterial DNA. 

591. The method ofWim 577 wherein the nncleic acid is a fungal DNA. 



592 The melhod of Claun\77 wherein the nucleic acid is a synthetic DNA, a synthetic 
RNA, a structurally modifieVural or synthetic RNA, or a structural* modified natural 
10 or synthetic DNA. 

593. The method of Claim 577 whercin the nucleic acid is from a biological source. 

594. The method of Claim 577 wherein J^ucleic acid is a product of a polymerase 
1 5 chain reaction amplification. 

595. The method of Claim 577 wherein the nucleoid is a fragment obtained by 
cleavage of DNA with a restriction enzyme. 

20 596. The method of Claim 577 wherein the nucleic acid^ contacted with the firs, and 
second types of nanoparticles simultaneously. 

597 The mefltod of Claim 577 wherein the nucleic acid is conWed and hybridized with 
fte oligonucleotides on the firs, type of nanoparticles before bei^ con.ac.ed wtth the 
25 second type of nanoparticles. 

598. The method of Claim 597 wherein tite firs, type of nanoparticles^ attached to a 
substrate. 
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^598. The method according to claimo75 or 577 wherein the detectable change is 
brought about by hybridization of tlie oligonucleotides on the nanoparticles with the 
nucleic acid. / 

599. A method of detecting nucleic acid in a sample, the nucleic acid having at least 
two portions, said method comprising: 

providing a substrate having oligonucleotides attached thereto, the 
oligonucleotides having a sequence complementary to a first portion of the sequence of a 
nucleic acid to be detected; 

providing a scattered light detectable nanoparticle probe having 
oligonucleotides attached thereto, the oligonucleotides bound to the nanoparticle probe 
having a sequence complementary to a second portion of the sequence of said nucleic 
acid wherein the oligonucleotides are attached to the nanoparticles in a stepwise ageing 
process comprising (i) contacting the oligonucleotides with the nanoparticles in a first 
aqueous solution for a period of time sufficient to allow some of the oligonucleotides to 
bind to the nanoparticles; (ii) adding at least one salt to the aqueous solution to create a 
second aqueous solution; and (iii) contacting the oligonucleotides and nanoparticles in 
the second aqueous solution for an additional period of time to enable additional 
oligonucleotides to bind to the nanoparticles; 

contacting said nucleic acid, the substrate and the nanoparticle probe 
under conditions effective to allow hybridization of said nucleic acid with the 
oligonucleotides on the nanoparticle probe and with the oligonucleotides on the substrate 
and form a light scattering complex bound to the substrate; 

illuminating the light scattering complex under conditions effective to 
produce scattered light from said complex; and 

detecting the light scattered by said complex under said conditions as a 
measure of the presence of the nucleic acid. 
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^ 600. The method of Claim 599 wherein said nucleic acid is contacted with the 

substrate so that said nucleic acid hybridizes with the oligonucleotides on the substrate, 
and said nucleic acid bound to the substrate is then contacted with the scattered light 
5 detectable nanoparticle probe so that said nucleic acid hybridizes with the 
oligonucleotides on the nanoparticle probe. 

601. The method of Claim 599 wherein said nucleic acid is contacted with the 
p nanoparticle probe so that said nucleic acid hybridizes with the oligonucleotides on the 

10 nanoparticle probe, and said nucleic acid bound to the nanoparticle probe is then 
contacted with the substrate so that said nucleic acid hybridizes with the oligonucleotides 
on the substrate. 
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y, 602. The method of Claim 599 wherein said nucleic acid is contacted 

gj! 1 5 simultaneously with the nanoparticle probe and the substrate. 

"%\ 

P 603. The method of Claim 599 wherein the substrate has a plurality of types of 

oligonucleotides attached to it in an array to allow for the detection of multiple portions 
of a single nucleic acid, the detection of multiple different nucleic acids, or both. 
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604. The method according to Claim 599 wherein said substrate is a waveguide 
comprising (a) a transparent element having a refractive index greater than that of the 
fluid sample; (b) a light receiving edge; and (c) a surface having oligonucleotides bound 
thereto. 

605 . The method according to claim 604 wherein the illuminating is performed 
at the light receiving edge of the waveguide with light effective to create total internal 
reflection within the waveguide, thereby simultaneously illuminating the entire surface 
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of the waveguide. 



606. The method according to claim 603, wherein a plurality of different types 
of nanoparticles with different sizes or compositions or both are distinguishably detected, 

5 each type of nanoparticles specifically associating with a different nucleic acid sequence. 

607. A method of detecting two or more nucleic acids in a sample, each nucleic 
acid having at least two portions, the method comprising: 

M< providing a substrate having two or more types of oligonucleotides attached 

6 10 thereto, each type of oligonucleotides attached to a different place on the substrate and 
pi each type of oligonucleotides having sequences complementary to a first portion of the 

?£j sequences of one of nucleic acids to be detected; 

UP providing two or more types of scattered light detectable nanoparticle probes, 

j\ each type of nanoparticle probes having the oligonucleotides bound thereto, the 

K' 1 5 oligonucleotides bound to each type of probe have a sequence that are complementary to 
Q a second portion of the sequence of one of said nucleic acids to be detected, wherein the 

jj oligonucleotides are attached to the nanoparticles in a stepwise ageing process 

comprising (i) contacting the oligonucleotides with the nanoparticles in a first aqueous 
solution for a period of time sufficient to allow some of the oligonucleotides to bind to 
20 the nanoparticles; (ii) adding at least one salt to the aqueous solution to create a second 
aqueous solution; and (iii) contacting the oligonucleotides and nanoparticles in the 
second aqueous solution for an additional period of time to enable additional 
oligonucleotides to bind to the nanoparticles; 

contacting said nucleic acids, the substrate and the nanoparticle probes under 
25 ' conditions effective to allow hybridization of said nucleic acids with the oligonucleotides 
on the nanoparticle probes and with the oligonucleotides on the substrate to form a light 
scattering complex bound to the substrate; 

illuminating the light scattering complex under conditions effective to produce 
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scattered light from said complex; and 

detecting the light scattered by said complex under said conditions as a measure 
of the presence of one or more nucleic acids. 

608. The method of Claim 607 wherein said nucleic acids are contacted with the 
substrate so that said nucleic acids hybridize with the oligonucleotides on the substrate, 
and said nucleic acids bound to the substrate are then contacted with the scattered light 
detectable nanoparticle probes so that said nucleic acids selectively hybridize with the 
oligonucleotides on the nanoparticle probes. 

609. The method of Claim 607 wherein said nucleic acids are contacted with the 
nanoparticle probes so that said nucleic acids hybridize with the oligonucleotides on the 
nanoparticle probes, and said nucleic acids bound to the nanoparticle probes are then 
contacted with the substrate so that said nucleic acids hybridize with the oligonucleotides 
on the substrate. 

610. The method of Claim 607 wherein said nucleic acids are contacted 
simultaneously with the nanoparticle probes and the substrate. 

61 1. The method of Claim 607 wherein the substrate has a plurality of types of 
oligonucleotides attached to it in an array to allow for the detection of multiple portions 
of a single nucleic acid, the detection of multiple different nucleic acids, or both. 

612. The method according to Claim 607 wherein said substrate is a waveguide 
comprising (a) a transparent element having a refractive index greater than that of the 
fluid sample; (b) a light receiving edge; and (c) a surface having oligonucleotides bound 
thereto. 
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613. The method according to claim 612 wherein the illuminating is performed 
at the light receiving edge of the waveguide with light effective to create total internal 
reflection within the waveguide, thereby simultaneously illuminating the entire surface of 
the waveguide. 

614. The method of Claims 599 or 607 wherein the nanoparticles are metal 
nanoparticles or semiconductor nanoparticles. 

•ft } Al5. The method of ckmTl^wb^rein the nanoparticles are gold nanoparticles. 

616. The method of Claims 599 or 607 wherein the^ttgonucleotides to be 
bound to the nanoparticles have covalently bound thereto a moiety comprising a 
functional group that can bind to the nanoparticles. 

15 617. The method of Claims 599 or 607 wherein the moiety comprises a thiol, a 

polythiol, or a cyclic disulfide group. 

618. The method of Claims 599 or 607 wherein all of the salt is added to the 
first aqueous solution in a single addition. 

20 

619. The method of Claims 599 or 607 wherein the salt is added gradually over 

time. 

620. The method of Claims 599 or 607 wherein the salt is selected from the 
25 group consisting of sodium chloride, magnesium chloride, potassium chloride, 

ammonium chloride, sodium acetate, ammonium acetate, lithium chloride, 
tetramethylammonium chloride, a combination of two or more of these salts, one of these 
salts in a phosphate buffer, and a combination of two or more of these salts in a 
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phosphate buffer. 

62 1 . The method of claim 6 1 9 wherein the salt is sodium chloride in a 
phosphate buffer. 

622. The method of Claims 599 or 607 wherein the nanoparticles have a 
diameter ranging between about 10 and about 100 nm. 

623. The method of Claims 599 or 607 wherein the nanoparticles have a 
diameter of about 50 nm. 

624. The method of Claims 599 or 607 wherein the nanoparticles have a 
diameter of about 100 nm. 

625. The method of Claims 599 or 607 wherein two scattered light detectable 
nanoparticle probes of different diameters are used. 

626. The method of claim 624 wherein the nanoparticle probes have a diameter 
of 50nmand lOOnm. 
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